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Digitalis VII. 


The Effect of Various Alkalies on the 


Sensitivity of the Baljet Reaction for Digitoxin*t 


By FREDERICK K. BELL and JOHN C. KRANTZ, JR. 


By using tetraethylammonium hydroxide as 
the alkali, the Baljet spot test for cardiotonic 
glycosides has been greatly improved. A re- 
vision of the U. S. P. control procedure for the 
assay of digitoxin using tetraethylammonium 
hydroxide as the alkali is recommended. 


. THE development of our method of assay for 
digitoxin (1), our attention was directed to 
the immediate problem of devising a satisfactory 
control method which could be submitted for 
collaborative study. Subsequently we have ex 
amined various phases of the assay, and it is the 
purpose of this communication to report these 
findings. 

In the course of this work we have referred 
frequently to the original publication of Baljet 
(2) in which he described the color reaction for 
the cardiotonic glycosides which bears his name. 
Two procedures are described, one of which is 
designed for qualitative use and the other for 
quantitative determinations. 


* Received Feb. 13, 1948, from the Department of Pharma 
cology, School of Medicine, University of Maryland, Balti 
more, Md 

t The expense of this study was defrayed in part by a 
grant from the Board of Trustees of the United States Pharm- 
acoperial Convention 


EXPERIMENTAL 


Qualitative Tests.—-The reagent used for the 
qualitative or spot test is prepared by mixing, just 
before use, equal volumes of a 1% solution of picric 
acid in 95% alcohol and 10% solution of sodium 
hydroxide. If a drop of this solution is added to a 
few granules of the solid material to be tested, an 
orange to orange-red color is produced in the pres- 
ence of cardiotonic glycosides, and the degree of 
redness of the color will depend upon the purity of 
the glycoside being tested and its chemical struc- 
ture. We have repeated this spot test using a num- 
ber of different samples of digitoxin, including 
U. S. P. Digitoxin Reference Standard. All of 
these samples, which were selected to represent the 
range of purity that might be expected in the com- 
mercial products available at the present time, gave 
satisfactory and similar tests. 

In order to learn what effect, if any, the nature of 
the alkali used had on the course of the test, we have 
also tried lithium hydroxide, ammonium hydroxide, 
and two quaternary ammonium bases—tetra- 
methylammonium hydroxide and _ tetraethylam- 
monium hydroxide. The latter twocompounds were 
obtained from the Eastman Kodak Company in the 
form of 10° solutions. In making the tests we 
have substituted for the sodium hydroxide solution 
a 10% solution of the organic base. 

Using lithium hydroxide, no change in the nature 
of the test could be detected. Ammonium hy- 
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Even using the 
concentrated 28°) ammonium hydroxide the test 
remained negative. The two quaternary ammon- 
ium bases were very similar in their behavior and 


droxide gave no color reaction 


showed a considerable increase in color intensity 
and a definite shift in color toward the red. The 
stability of the color was also found to be greatly 
increased. The initial bright red color assumes a 
brownish hue after standing some minutes but as 
spontaneous evaporation proceeds the mixture as 
In fact, 
spot plates bearing these tests were kept exposed on 
the laboratory table for several days and no signifi 
cant change in color was observed 
trast to the behavior of sodium hydroxide in which 


sumes a deep red color which is stable 


This ts in con 


case the color appears to fade out completely under 
similar conditions 

For those interested in employing the spot test 
we therefore recommend’the use of the quaternary 
immonium bases in place of sodium hydroxide and 
of the two bases examined we prefer the tetraethyl 
ammonium compound 

Quantitative Procedure._-The quantitative pro 
cedure proposed by Baljet differs from that em 
ployed in our assay method for digitoxin in a num 


ber of respects [he most important of these are: 
(a) Baljet adds the material to be tested in the solid 
phase to the re igent, (¢ the re igent has the same 


constituents (except that we use methanol in place 
of ethyl alcohol) but in different proportions, and 

the solvent in the final reaction mixture is only 
5° in alcohol Baljet method 
herefore, a direct comparison of the 
is not justifiable, but we believe it will be of interest 


rccording to the 


wo methods 


to note how closely the results of our experiments 
coincide with the observations of Baljet 

The experimental method employed was essen- 
tially the same as that previously described (3) in 
which the color development was observed at defi 
nite time intervals rhe same photoelectric colori 
meter was used but the 3-cc. micro absorption cells 
were employed. A stock solution of digitoxin was 
prepared by dissolving U. 5S. P. Digitoxin Reference 
Standard in absolute methanol to yield a solution 
containing 20 mg. per LOO ce For higher dilutions 
this solution was diluted quantitatively with abso 
lute methanol to give the desired concentration 

Effect of Various Alkalies.—Our first experi 
ments were directed to determine the effect of vari- 
ous alkalies on the color development and also the 
effect produced by varying the concentration of the 
same alkali rhe 
aqueous solutions of sodium hydroxide 


following substances were ex 
amined: 
lithium hydroxide, tetraethylammonium and tetra 
hydroxides, and 
methanol. The 
of the digitoxin 


methylammonium solutions of 
lithium hydroxide in 


general procedure was to take 2 c« 


absolute 


solution for the test, and 2 cc. of absolute methanol 
for the blank 
of equal volumes of 2°, picric acid in absolute meth- 
anol and of the alkali being examined Where 
higher concentrations of the alkali were desired the 
usual procedure was to use 2 cc. of the alkali and 
then 0.2 cc. of 10° picric acid in absolute methanol 
In these cases the alcohol concentration of the final 


In most cases the reagent consisted 


reaction mixture was therefore reduced to approxi 
mately 50° instead of the usual 75% Under 
these conditions we have not observed any precipi 


tation of the digitoxin owing to the increase in the 










water concentration This applies, of course, to 
the initial digitoxin concentration of 20 mg. per 
100 cc. which becomes approximately 10 mg. per 
100 cc. in the final reaction mixture 

A summary of the results obtained is shown graph. 
ically in Fig. 1, in which the percentage of alkalj 
in the final mixture has been plotted against the 
optical density corresponding to the maximum color 
developed hese curves are not to be rigidly in. 
terpreted on a quantitative basis since the various 
points were not obtained under strictly comparable 
We believe, however, that they do show 
the comparative behavior of the various alkalies 
examined and also the general effect of concentra- 
tion on the action of each individual alkali The 
optical density corresponding to 0.1% 


conditions 


alkali for 
each of the six curves was either zero or very nearly 
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Figure 
A = Tetraethylammonium hydroxid 
B = Tetramethylammonium hydroxide 
C = Lithium hydroxide in absolute methanol 
D = Lithium hydroxide 
E Sodium hydroxide 
F = Ammonium hydroxide 


As might be expected, the curves for aqueous 
solutions of sodium and lithium hydroxides are very 
similar and a maximum value is obtained in the 
region of 0.5% Since the hydrate of lithium hy- 
droxide was used it is to be noted that these curves 
are also comparable on a molar basis Che curve of 
ammonium hydroxide confirms our observation with 
the spot test already mentioned. Little action is 
observed even up to a concentration of 7°;. The 


value for 14°) (not shown on the curve 
reach a maximum of approximately 21 after ninety 


The curve for lithium hydroxide in abso- 


appears to 


minutes 
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jute methanol is of interest and shows a marked 
difference from that of the aqueous lithium hy- 
droxide solutions. A maximum, lower than that 
obtained with the aqueous solutions, is attained in 
the region of 1°) concentration and appears to re- 
main constant with further increase in concentra- 
tion. Since the hydrate of lithium hydroxide, 
which was used in these experiments, contains ap- 
proximately 40°; of water of crystallization, appre- 
ciable amounts of water were present in the concen- 
tration range under examination. It should be 
noted also that this water concentration varies with 
that of the alkali. Thus, the 0.25°7 solution of the 
alkali contains 0.1°, of water, while the 2.5°% solu- 
tion contains 1% of water. It should be observed 
also that the picric acid employed in preparing the 
reagent is the standard grade which contains ap- 
proximately 10° of water. 

Our purpose in these experiments was to deter- 
mine the behavior of the reaction in the presence of 
limited amounts of water and at the same time to 
take advantage of the generally higher solubility of 
lithium salts in alcohol. The results indicate the 
assay method can be carried out under such condi- 
tions but with an appreciable sacrifice in sensitivity. 
These results also suggest that the reaction might 
not take place at all in a completely nonaqueous 
medium 


TABLE I 
Picric 
NaOH Acid 
Expt Conc Conc., % Time 
1 0.25 0.5 25.0 3 
9 05 0.5 37.5 39.5 
3 0.5 0.25 35.7 39.6 


Action of Quaternary Ammonium Bases.--The 
action of the quaternary ammonium bases is strik 
ingly shown in Fig. 1. The curves for these two 
highly reveal, at maximum 
values for the optical density readings of all the 
ukalies examined and thus confirm our observations 
with the test The curve for the tetramethyl 
compound rises very sharply to a maximum at a 
concentration of approximately 0.5°, and then re- 
mains constant 


ionized bases once, 


spot 


at least to a concentration of 5°. 
rhe tetraethyl compound shows a sharp rise up to 
i concentration of approximately 1°; and then a 
more gradual increase is observed up to a concentra- 
tion of 5°, at which point the optical density value 
is considerably greater than that of the tetramethyl 
compound. Concentrations of the two 
greater than 5°; are not practicable under the con- 
ditions of the experiments, since precipitation of the 
corresponding picrate salt then takes place. It is 
to be observed that if the concentration is plotted 
on a molar basis for these two curves, the difference 
is even more pronounced 


bases 


There is one important aspect of these experiments 
which the curves in Fig. 1 do not reveal and that is, 
the rate of color development. Also the curves ob- 
viously give no indication as to the stability of the 
color. As extreme examples of these effects two 
points on the curve obtained with aqueous solutions 
of lithium hydroxide will be mentioned. Using 
this alkali in a concentration of 0.2°% the optical 
density reading remained at zero during the first 


OpTicaL Density X 100 


).5 35.0 36.5 37.4 37 l 
15 39.0 38.9 39.0 38.9 38.4 38.7 
40.1 40.1 40.2 
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hour of observation; at the end of three hours the 
reading was 0.012 and there was no indication that 
a constant value had been reached. On the other 
hand, a 5% solution of this alkali gave an optical 
density reading after the first fen minutes of 0.11. 
This value dropped steadily with subsequent ten- 
minute readings over a period of approximately an 
hour and then apparently attained a constant value 
of 0.06. Similar results were obtained with sodium 
hydroxide. These results confirm Baljet’s obser- 
vation that the speed of the color reaction increases 
with increase in alkali concentration. They also 
indicate that the colored substance formed in the 
reaction is unstable in higher alkali concentrations, 
in which cases, however, an equilibrium reaction 
appears to be involved. 

Revised Methods.—Proceeding from these ob- 
servations we have re-studied the conditions for 
our assay method for digitoxin especially with re- 
gard to the concentration of picric acid and sodium 
hydroxide. In Table I, typical data for three dif- 
ferent experiments are given. The same stock 
solution of digitoxin containing 20 mg. of the glyco- 
side per 100 cc. of absolute methanol was used in 
each experiment. Optical density readings are re- 
corded at the time intervals indicated. 

It will be recognized that in Experiment 1 the 
reagent is prepared according to the directions of 


in Minutes) After Addition of Reagent — 

37.0 37.1 37.1 37.0 36.6 36.5 
38.0 38.0 38.0 37.5 37.1 

39.4 39.5 39.0 38:3 37.6 36.5 


» o> 
~0 of 


10.0 39.4 


the Pharmacopoeia (4). Under these conditions 
the color intensity does not reach a maximum value 
until approximately forty minutes after the reagent 
has been added to the digitoxin solution and then 
remains constant for a period of about an hour. In 
Experiment 2, the alkali concentration of the U.S. P. 
procedure has been doubled. The optical density 
reading reaches a maximum after ten minutes and 
remains constant for forty minutes thereafter. 
There is also a noticeable increase in color intensity. 
The alkali concentration in Experiment 3 is twice 
that of the U. S. P. method and the picric acid con- 
centration has been reduced 50%. The maximum 
optical density reading is attained at the ten- 
minute reading and remains practically constant 
during the next hour. There is also an indication of 
a further slight improvement in sensitivity. 

On the basis of our experiments we recommend 
that the present U. S. P. procedure be altered so as 
to conform to the concentration relations as given 
in Experiment 3. The directions for preparing the 
reagent would then read as follows: dissolve 1 Gm. 
of trinitrophenol U. S. P. in sufficient methanol to 
make 50 cc., add 10 cc. of sodium hydroxide solution 
(1 in 10) and sufficient water to make 100 cc. We 
also recommend that the colorimeter readings be 
made twenty minutes after the reagent has been 
added to the test solution. 

The data presented in Fig. 1 indicate, at a glance, 
the probability of a considerable improvement in 
the sensitivity of the color reaction by the use of 
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either one of the quaternary ammonium bases ex- 
amined. Of the two bases, the tetraethyl compound 
was selected for study. The point on the curve in 
Fig. 1 corresponding to a concentration of 5% of 
the base was obtairfed from the following mixture. 
To 2 cc. of the digitoxin solution (20 mg. per 100 cc. 
of absolute methanol) was added 0.1 cc. of a 5% 
solution of picric acid in absolute methanol. After 
mixing, 2 cc. of 10% aqueous tetraethylammonium 
hydroxide was added. This final reaction mixture is 
therefore approximately 50% in methanol, 10 mg. 
per cent in digitoxin, 5% in tetraethylammonium 
hydroxide, and has a volume somewhat more than 
4 ce. 

We did not examine higher concentrations of this 
base for several reasons. From the relatively gentle 
slope of the curve in the region of 5% a gross in- 
crease in concentration would be required to produce 
a significant improvement in the sensitivity. The 
base is available commercially in 10% aqueous solu- 
tion and, obviously, to obtain higher concentrations 
special treatment of this reagent would be required. 
Most important, the reaction mixture just described 
is close to the saturation point for tetraethylam- 
monium picrate. If higher concentrations of the 
base are employed, then a radical change in the alco- 
hol-water ratio in the final mixture must be made in 
order to avoid precipitation of the picrate. Using 
a specially prepared 20° solution of the base we 
were able to obtain a reaction mixture approxi- 
mately 75° in methanol. The color values ob- 
tained showed no improvement over those obtained 
with 50% methanol solutions. 

After considerable experimentation the foregoing 
procedure described in the preparation of the reac- 
tion mixture was found to be the most satisfactory 
In measuring the 0.1 cc. of the 5% picric acid solu- 
tion we have used a ().1-cc. pipette of the serological 
type graduated to the tip. With such a pipette 
only one meniscus need be read and the transfer 
therefore, can be made rapidly without significant 
loss of methanol by evaporation 
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total decrease is approximately 10% of the maximum 
value. The reproducibility of these results is satis. 
factory and comparable to that obtained with the 
U. S. P. method. 

A different aspect of the significance of the increase 
in sensitivity by the use of tetraethylammonium 
hydroxide is shown in Fig. 2 in which data obtained 
from the use of different sized absorption cells haye 
been plotted graphically. The electrophotomete 
employed in these studies permits the use of three 
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A = 23-mm, cell 
B = 50-mm. cell 
C = 11.5-mm. cell 
Dots = 11.5-mm. cell using tetraethylammonium 


hydroxide as the alkali 


Digitoxin, §=£———___—__—————Time (in Minutes) After Addition of Reagent 

Mg./100 Ce. 10 20 0 * 5 6 70 80 90 100 
2.5 10.6 10.7 10.4 10.1 10.0 9.5 9.5 9.3 9.1 9.0 
5.0 20.4 20.2 20.0 20.1 19.0 18.7 18.5 18.0 17.8 17.1 
10.0 34.1 34.0 33.6 33.0 32.6 32.0 31.4 31.0 30.6 30.0 
15.0 43.5 43.3 412.9 42.4 41.9 41.5 41.0 40.5 40.0 39.8 
20.0 51.0 51.0 50.0 50.2 49 3 48.5 47.5 47.9 47.0 46.5 


In Table II typical data are shown for a series of 
digitoxin solutions in the concentration range from 
2.5 mg. to 20 mg. per 100 cc. (before addition of the 
reagent). Optical density readings were made on 
each solution at ten-minute intervals over a period of 
one hundred minutes. For each concentration the 
color development is very rapid and the first ten- 
minute reading can be accepted as the maximum 
value. The subsequent twenty-minute and thirty- 
minute readings show slight progressive decreases 
which, however, are within the limit of error of the 
method. In general, it may be stated that sensitiv- 
ity of this method shows an increase over that of the 
U. S. P. method corresponding to approximately a 
25% increase in the optical density measurements. 
After an elapsed period of one hundred minutes the 


different sized absorption cells. The largest cell is 
rectangular with parallel faces and has a light path 
of 50 mm. It is designed for the examination of 
solutions having a paJe color and requires about 60 
ce. of solution. A cell of intermediate size is cylin- 
drical in shape. It has an inside diameter of ap- 
proximately 23 mm. and requires 23 cc. of solution. 
The smallest sized cell, or micro cell, is likewise 
cylindrical with an inside diameter of approxi- 
mately 11.5 mm. This cell requires 3 cc. of solu- 
tion and is the one used in the experiments pre- 
viously described in this communication. 

In Fig. 2 the optical density has been plotted 
against the digitoxin concentration and three of the 
curves were obtained using the U. S. P. control 
procedure with the three different sized absorption 
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cells. In the U. S. P. procedure the 50-mm. absorp- 
tion cell is recommended. Since none of these 
curves is a straight line it is apparent that the reac- 
tion involved in the Baljet test does not obey Beer’s 
jaw, as has been previously pointed out. However, 
the curves for the 23-mm. and 11.5-mm. cells, of 
which the light paths bear a ratio of approximately 
2 to 1, show that the respective optical density read- 
ings follow approximately the same ratio. There- 
fore, it appears that the colored substance produced 
in the Baljet test does follow Beer’s law although 
the reaction which produces the color does not. 

The most striking feature of the curves in Fig. 2 
is the locus of the points obtained with the 11.5-mm. 
cell using tetraethylammonium hydroxide as the 
alkali. This curve practically superimposes that 
obtained with the U. S. P. procedure using the 23- 
mm. cells. The use of this quaternary base, there- 
fore, increases the sensitivity of the test approxi- 
mately 100%. 

No deliberate attempt has been made to examine 
the effect of temperature on the reactions involved 
in the experimental work described in this paper. 
However, these experiments cover a considerable 
period of time during which room temperatures be- 
tween approximately 20° and 30° were observed. 
Within this temperature range our observations in- 
dicate no significant variation in the sensitivity of 
the methods examined. At temperatures below 24 
the rate at which maximum color is developed, using 
the U. S. P. procedure, is appreciably retarded and 
therefore some caution should be exercised. This is 
not true in the higher temperature range where an 
acceleration of the color production is observed. In 
our experiments with tetraethylammonium hydrox- 
ide the rate of development of the color is so rapid 
that no significant temperature effect was detected 
in the temperature range indicated. 
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Figure 3 
A = U.S. P. control test by Keller-Kiliani reac- 
tion 
B = Baljet reaction using tetraethylammonium 
hydroxide as the alkali 


The Pharmacopeeia also recognizes as a control 
test for digitoxin (5) a procedure based on the Keller- 
Kiliani reaction which is one of the oldest color tests 
for the cardiotonic glycosides. This quantitative 
procedure (6), which was recently developed, is 
based upon a reaction for digitoxose, while the Baljet 
test responds to the genin in the glycoside molecule. 


The two tests are therefore supplementary and 
represent useful checks on the purity of digitoxin 
preparations. It is of interest to compare the sen- 
sitivity of these two colorimetric methods and for 
this purpose we have taken the published data (7) 
of James, Laquer, and McIntyre and calculated 
the concentrations per 100 cc. of reaction mixture 
which we have plotted against the optical density. 
In a similar manner we have plotted the data for 
the Baljet reaction using tetraethylammonium hy- 
droxide for the alkali. The results are shown in 
Fig. 3. 

It is readily seen that the modified Baljet pro- 
cedure is considerably more sensitive than the Keller- 
Kiliani procedure within the concentration range 
of the experiments. This becomes more striking 
when it is recalled that the reagent used in the latter 
method is practically colorless while that of the 
Baljet procedure has the color of dilute picric acid. 
It is probable that with the use of ordinary visual 
optical methods the Keller-Kiliani test would be the 
more sensitive one. From the shape of the curves 
in Fig. 3 it appears that at a considerably higher 
digitoxin concentration the sensitivity of the two 
methods will be equal and beyond that point the 
Keller-Kiliani procedure will be the more sensitive 
one. 

It is apparent that in this study a number of very 
interesting points bearing on the mechanism of the 
Baljet reaction have arisen. Our attention has al- 
ready been directed to this phase of our investiga- 
tions and our findings will form the basis of a sub- 
sequent communication. 


SUMMARY 


1. The Baljet spot test for cardiotonic glyco- 
sides has been considerably improved by using 
tetraethylammonium hydroxide as the alkali. 

2. Minor changes in the alkali and picric acid 
concentrations of the present U. S. P. control 
procedure for the assay of digitoxin by the Baljet 
reaction have been recommended. 

3. By the use of tetraethylammonium hy- 
droxide as the alkali the sensitivity of the present 
method has been increased approximately 100 
per cent. This procedure has been found to be 
appreciably more sensitive than the Keller- 
Kiliani control method of the Pharmacopceia 
under similar conditions. Only 1.5 cc. of test 
solution is required. 
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The Effects of Thiamine Hydrochloride upon 


Pentobarbital Sodium (“Nembutal’’)* 


Hypnosis and 


Mortality in Normal, Castrated, and Fasting Rats? 


By BENJAMIN de BOER 


The action of thiamine hydrochloride upon pentobarbital hypnosis was observed. 
Normal rats and castrated male and female rats of different ages were given, into the 
peritoneum, pentobarbital sodium in dosages ranging from 25 mg./Kg. to 110 
mg./Kg., accompanied in some cases by thiamine hydrochloride orally or 10 mg./ 


Kg. parenterally. 
termined. 


The effects of fasting upon barbiturate hypnosis were also de- 
Thiamine hydrochloride injections accompanying pentobarbital ad- 


ministration rendered normal rats more susceptible to near lethal doses of the hyp- 


notic. 


Thiamine appeared to decrease the sleeping time in castrated female rats 


when it was given several weeks after spaying, but subsequent injections did not 


decrease the sleeping time below that of normals. 


Oral administration of thia- 


mine increased the duration of hypnosis in normal males but did not significantly 

increase the sleeping time in castrated males beyond the effect of castration. The 

prolongation of hypnosis in fasting animals given thiamine was not greater than 
the increased sleeping time of “control” fasting animals. 


— factors that appear to affect the duration 


of pentobarbital hypnosis are the presence 


or absence of sex hormones and various vitamins 
Castration modifies sleeping time of pentobarbital 
in rats (1-5 Vitamin B complex deficiency 
and ascorbic acid deficiency have an adverse ef 
Malnu 


trition, which often accompanies various vitamin 


fect upon pentobarbital hypnosis (6, 7 


deficiencie Ss, also has an adverse effect upon bar 
Malnutrition 
may explain, in part, the untoward effects of 


biturate sleeping time (2, 6, 8 


vitamin deficiency, but the vitamin lack itself 
appears to have a specific action upon pentobar 
bital detoxification (6, 7 In the present experi 
ments an attempt was made to determine whether 
thiamine which affects carbohydrate metabolism 
might exert a differential effect upon the sleeping 
time of pentobarbital in the presence or absence 
of sex hormones or conditions of inanition. An 


] 


attempt was also made to determine whether 


thiamine excess would, by nature of its depressing 
action upon respiration (9), reduce the tolerance 


for pentobarbital 
EXPERIMENTAL 


Normal and castrated male and female rats used 
throughout this investigation were maintained on 
rhis diet 
appeared adequate to prevent symptoms of vitamin 
deficiency and was sufficient to insure growth of 
immature animals and to maintain adult weight 


commercial laboratory chow and water 


Ovariectomy or testectomy was performed, using 
ether as an anesthetic, after the animal had recov 
ered from an injection of pentobarbital sodium, to 
determine its normal reaction to the hypnotic 


* Acknowledgment is made to Abbott Laboratories for 
the ““Nembutal” used in this study 

t Received Jan. 2, 1948, from the Department of Pharma 
cology, St. Louis University School of Medicine, St. Louis 


Mo 


An interval of three to eight weeks was allowed for 


recovery from the operation Castrated animals 


were then subjected to the same quantity of pento 


barbital per Kg. of body weight as was used pre- 
Some of them were also given thiamine 


hydrochloride 


viously 


Comparisons were made between 
data from operated animals of the same age and 
under the same environmental condition Some 
of the control rats were used at a later time for ex 
perimental determination of the effects of thiamine 

Hypnosis was induced by the injection of pento- 
barbital sodium intraperitoneally 25 mg./Kg. or in 
being deter- 


larger doses when the lethal action wa 


mined. Freshly prepared aqueous solutions of the 
concentration of 10 mg./cc. were used in the control 
animals and 20 mg./cc. was used when thiamine 
hydrochloride was also injected rhus the total 
amount of solution injected was the same in control 
and experimental animal. In experiments involvy- 
ing larger doses of pentobarbital the concentration 
was regulated so that the quantity of fluid given in 
experimental and control animals was constant at 
0.2 cx 


Thiamine hydro- 
so that 
when 25 mg./Kg. of the barbiturate was injected 


100 Gm. of body weight 
chloride was freshly prepared (8S mg./c« 


an equal volume of thiamine solution resulted in 
10 mg./Kg 
accompanied the barbiturate solutions in the heavier 
doses so that 0.1 cc./100 Gm. of body weight would 


Injections of 10 mg./ce. of thiamine 


carry 10 mg./Kg In one group of experiments 
thiamine was given orally by placing a solution of 
2 mg./100 cc. (prepared daily) before the animals 
at all times in lieu of the tap water given to the con- 
trols 

The procedure in handling the animals included 
weighing, recording the weight and the calculated 
amounts of solutions necessary, intraperitoneal in 
jection, and recording the time of injection. Shortly 
after the animal had lost the righting reflex follow- 
ing administration of the hypnotic, it was placed 
upon its back in a quiet room and the time of onset 
of sleep recorded. The sleeping time was considered 
as the time from injection until the animal was able 
to right itself. This included the period of onset 
which varied from two to eleven minutes 
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SCIENTIFIC 
RESULTS 


The Effects of Thiamine upon Pentobarbital 
Hypnosis in Normal Male and Female Rats of 
Various Ages.—Male and female rats approxi- 
mately three months old were given pentobarbital, 
Kg., at weekly intervals for seven weeks to 
the effects of repeated injections upon 
addition given 


95 mg 
determine 
growing animals. In 


some were 
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could be obtained. In general these animals showed 
a gradual prolongation of sleeping time (Fig. 1). 
The simultaneous injection of thiamine and pento- 
barbital into normal males and females appeared to 
have little effect when the quantity of pentobarbital 
was well below the lethal amount. In normal males 
fed thiamine for seventeen days prior to pentobar- 
bital injection the hypnosis was more prolonged 
than in control animals of the same age (Table I). 


thiamine so that the effects of excess vitamin B; In experiments with larger doses of pentobarbital 
TABLE | [fur Errect oF THIAMINE UPON PENTOBARBITAL HyPNosIs IN NORMAL AND CASTRATED MALE 
RATS 
Rats (PENTOBARBITAL Soprum 25 Mc./KG.) 
Normal Animals Castrated Animals - = 
: Fed Thiamine Fed Thiamine 
Init a 2 Mo. Later 17 Days Initial 2 Mo. Later 17 Days—— 
Sleeping sleeping Sleeping Sleeping Sleeping Sleeping 
Wt rime W t rime Wt rime Wt Time Wt Time Wt., Time, 
Gm Min Gm Min Gm Min Gm Min Gm Min Gm Min 
55 16 380 38 108 115 
98 }® 343 16} 278 15 287 115 
3) 12 360 51 358 65 363 9S 
294 56 335 53 338 51 361 122 
280) $4 308 19 296 32 303 61 
316 $7 340 ja 328 56 325 81 
328 10) 321 G4 
288 2R9 88 
304 12 321 66 
309 44 306 84 
: 321 15 328 92 
25 4 Sot 17 364 62 343 37 364 108 352 131 
272 ; 209 1 300 367 s5 383 64 396 65 
30) 4 399 ) 344 106 332 67 351 75 356 182 
36 m4 $21 | $44 62 352 16 338 RS 376 71 
308 5 307 53 332 R5 328 14 337 76 344 73 
320) +4 324 50 344 79 298 38 289 89 324 104 
318 + 522 72 368 R2 268 1) 263 69 316 111 
522 52 11 +8 352 56 312 50 304 79 340 96 
534 63 42 67 364 102 274 15 270 89 292 133 
310 19 34 54 357 79 319 15 322 82 344 107 
T st ; > " . 
PaBLe I] Put Errect oF THIAMINE UPON MORTALITY AFTER PENTOBARBITAL ADMINISTRATION 
(THIAMINE HYDROCHLORIDE, 10 Mc./Kc 
Control Animals Thiamine Injected Animals — 
, Ay Av Av Av 
ose, Sleeping Sur Death Sleeping Sur- Death 
Me.,Kg No W t rime vival Time No Wt Time vival, Time 
Age and Sex I. P Animals Gm Min % Min Animals Gm Min % Min. 
Male Ss, 5-12 5O 5 180 151 100 
months 60 7 240 230 86 66 2 313 300 50 152¢ 
70 13 285 207 69 131 8 352 171 38 95 
RU 14 262 260 64 108 10 230 315 50 12: 
90 13 269 300 54 123 1] 347 323 Q 161 
Males, 1 95 6 60 359 84 15° 8 87 321 75 219 
weeks 100 22 68 266 73 99 9 70 296 55 124 
105 26 62 300 50 81 10 63 ; 0 123 
Females, 5—12 60 6 218 100 50 109 7 213 353° 14 108 
months 70 10 207 364 40 113 10 199 598 40 115 
SO 26 225 413 12 152 10 216 , 0 180 
RO) ie 173 5R6° 20 68 
Qi) 5° 181 _— 0 176 
On 8 233 LRO¢ 13 206 10 228 ‘ 0 190 
Fentales, 1} O5 5 69 27 100 10 60 339 70 98 
weeks 100 10 69 359 D0 141 10 58 340 4) 80 
105 4 64 45 103 4 60 328° 25 SY 


the quantity of thiamine intraperitoneally. 
the quantity of thiamine intramuscularly 
Sleeping time or death time of one animal. 


® Given 5 
6 Given 5 
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(Table II), the addition of thiamine to the injection 
fluid resulted in a prolongation of the sleeping time 
and a smaller per cent of survival. The LD, for 
normal adult males was approximately 90 mg./Kg 
and for young males, four to six weeks of age, 105 
mg./Kg. Thiamine injected adult males showed 
an LD.» of 80 mg./Kg. or less, while young males 
showed no survival at 105 mg./Kg. and about 50% 
survival at 100 mg./Kg. Adult females correspond 
ing in age to the adult males had an LDs of 60 mg 
Kg. and in young females 50° survival occurred in 
doses up to 100 mg./Kg. Thiamine-injected adult 
females showed a marked mortality at 60 mg./Kg 
although 40% survived 70 mg./Kg. similar to the 
controls of that dose range. One adult female out of 
30 survived the inje¢tion of more than 70 mg./Kg 
pentobarbital in addition to thiamine. Control 
females, however, showed 10—15°7 survival at doses 
of 80-90 mg./Kg. In young females given thiamine 
the results showed little variation from the control 
data 


rime in Minutes 








=“ 
Z BO @ THAMINE INECTED---- 
Goo contan 
‘ $ 
iff 
2é td 
° 4 4 A. 3 i 4 - 
: & 3 4 ] 6 ? 
Weekly Injections 
Fig. 1.—Sleeping time following the injection of 


pentobarbital sodium (25 mg./Kg.) with or without 
thiamine hydrochloride (10 mg./Kg.). Each point 
represents the average duration of hypnosis of 10-12 
animals. The lines connect the sleeping times of 
the same group of rats. 


TABLE III 
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The Effects of Thiamine upon Pentobarbita} 
Hypnosis in Ovariectomized and Testectomized 
Rats. 
garding the effect of ovariectomy upon sus« eptibility 
of rats to pentobarbital, the effect of 
alone was studied in two different 


Because of conflicting statements (2, 3, 5) re. 


castration 
ige groups of fe. 
males and one group of males. The data are given 
in Table III. The sleeping time of females approxi- 
mately five months old was determined three weeks 
after the removal of the gonads and compared with 
the Although the 
sleeping time of both groups of rats increased, the 
1 greater prolongation 
of hypnosis than the control animals. Whether or 
not this was due to the operative procedure was not 


control animals of same age 


experimental animals showed 


The increase in weight of the operated 
this time was slightly less 
Eight 


sleeping time ha 


determined 
animals at 
the 
removal of the 


than that of 
week ifter the 
1 de 
level in the ex 


nonoperated group 


ovaries the 


creased to about the preoperative 


perimental animals The control animals also 


showed a decrease to an average slightly below their 
The indicate that the 
ovariectomized 


original normal results 


sleeping time of seven-month-old 
rats eight weeks after the 


not appreciably different from nonoperated controls 


removal of the gonads is 


or the previous normal condition of the operated 
animals 

Younger animals of three months of age were oper 
ated upon and the effects of ovariectomy upon pen- 
tobarbital hypnosis was determined at eight weeks, 
sixteen weeks, and again twelve months after the 
operation. In these experiments the sleeping time 
of the control rats showed some fluctuation increas- 
ing somewhat during the sixteen-week period but 
reverting to the normal sleeping time after the period 
The operated animals showed a 


their 


of twelve months 


consistently longer sleeping time than 
normal or the control animals after eight and six- 
teen but after 
marked decrease to about 70-75%; of the 
preoperative level or that of the controls 
Male adult rats, approximately 8 
were castrated and the sleeping time of these animals 
was compared three and eight weeks after testec 
tomy. Table III shows the sleeping time of normal 
animals before the removal of the gonads and of these 
same animals after a period of recovery. Com- 
pared with nonoperated controls during this time 


own 


weeks, twelve months there was a 


original 


months old 


AND CASTRATED RATS 


3 Wk. after Castration 
Av Av 
Sleeping Sleeping 
Time Time 
Preoperative Normal of of 
No Av Av. Sleep- Av Cas Con- 
and Wt., ing Time Wt., trates trols 
Sex Gm Min Gm Min Min 
26F 154 95 176 141 
12F 157 101 186 ; 118 
22M 318 44 311 89 
14M 319 48 329 56 
8 Wk. after Castration 
1SF 127 125 155 143 
20F 121 118 130 j 12] 


25 Mca./Ko. In NorRMAI 
8 Wk. after Castration 
Av Av Ay Ay 
Sleeping Sleeping Sleeping Sleeping 
Time Time rime Time 
of of of of 
Av Cas Con Av Cas Con- 
wt trates trols wt trates trols 
Gm Min Min Gm Min Min 
217 101 
203 92 
325 SY 
341 19 
16 Wk. after Castration 12 Mo. after Castration 
181 170 198 03 
149 150 198 125 
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the weight changes were insignificant. The sleeping 
time of the controls differed but little throughout the 
three trials. The castrated animals, however, 
showed a rapid increase in the sleeping time during 
the first three weeks, then a more gradual increase 
with a total rise to twice that of the normal sleeping 
time of the same animals or that of controls. 


Amt. 
No. and Age in injected, 
Exptl. Condition Sex Mo. Mg./Kg. 

Normally fed controls 71M 3 25 
21M & 25 

26M 12 25 

5M 3 70 

7M 1'/, 90 

7M 1'/, 95 

31M 1'/, 100 

36M 1'/; 105 

27F 3 25 

86F 12 25 

ISF 14 25 

OF 1'/, 90 

6F 1! 2 95 

20F 1'/, 100 

Fasted 48 hr. 10M 3 25 
7M 3-4 25 

8M Ss 25 

13M s 25 

26M 12 25 

17F 3 25 

10F 3 25 

R6F 12 25 

12F 14 25 

6F 14 25 

Fasted 96 hr. 61M 3 25 
13M 1'/, 95 

24M 1'/, 100 

26M L'/, 105 

10M l'/; 110 

Fasted 110 hr. 3M 3 70 
3M 3 80 

13M 1'/, oO 

10M l'/s 95 

24M 1'/ 100 

26M 1'/» 105 

5F 1'/, 85 

14F 1'/, 90 

11F 1l'/s 95 

25F 1'/> 100 


Since repeated injections of estradiol have been 
shown to lengthen sleeping time of normal male 
rats (13) and since the female hormone presumably 
accounts in part for the sex differences observed in 
the reaction of rats to pentobarbital, it seemed de- 
sirable to see if a single dose given with the barbi- 
turate would produce any immediate direct effect. 
The injection of estrone (0.5 mg./Kg.) concomitant 
with pentobarbital (70 mg./Kg.) in 24 females 
showed little deviation from the data of Table II 
for this dosage. The experimental animals died in 
a shorter time than the control animals (eighty-four 
minutes as compared to 113 minutes) although the 
number of deaths was approximately 65% for both 
control and experimental. Three males given the 
same amount of estrone and pentobarbital survived. 

The effects of thiamine hydrochloride upon cas- 
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trated females is indicated in Fig. 1. The initial 
effect appears to be one of decreasing the sleeping 
time to or below that of the normal nonoperated 
females. Later injections of previous control 
spayed animals showed no effect. Male rats four 
weeks after castration were given 2 mg. % thiamine 
in their water daily for seventeen days (Table I). 





TABLB IV.—THE EFFECTS OF FASTING AND THIAMINE UPON PENTOBARBITAL HYPNOSIS 





——Y% Survival———. Duration of Hypnosis, Min. 
Fasted ’ Fasted 
and and 
Con- Thiamine Con- Thiamine 
trol Fasted Injected trol Fasted Injected 
100 41 
100 : cea 58 
100 Ts + 34 
80 231 
86 , ' 340 
72 ae 341 
68 a 275 
36 ; 300 
100 43 
100 : 106 
100 7 112 
100 378 
33 _ wh 440 
45 360 pike wind 
100 , <a 63 
100 : ; 70 
100 : 89 sia 
100 a 87 
100 = 47 
100 ; 69 aiaiy 
100 ar “a 70 
100 : 122 
100 ; 174 it 
100 173 
100 ; ae 51 
54 : Mens 377 
50 cael 353 
12 sg - 369 
20 , 283 
100 ; 222 
100 194 
23 : 315 
0 : —y 
29 , 216 
19 : 322 
0 
0 . 
18 288 
0 


The sleeping time of these animals was slightly 
longer than their previous sleeping period. Deter- 
minations of the standard error of the difference 
between the means (10) indicated that, although 
thiamine altered the sleeping time of normal males 
significantly, the prolongation in castrated males 
was not statistically significant. 

The Effects of Thiamine upon Pentobarbital 
Hypnosis During Inanition.—Food but not water 
was withheld from rats of various ages for forty- 
eight, ninety-six, and one hundred and ten hours 
before thg injection of pentobarbital. Fasting 
for forty-eight hours was accompanied by a decrease 
in weight of 11% in the males and 12% in the fe- 
males. Lack of food for ninety-six hours resulted 
in a decrease in weight of 17% in the males and 
21% in the females. Males and females unfed for 
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one hundred and ten hours showed a decrease in 
weight of 24 and 26%, respectively. Young, grow- 
ing rats of either sex showed greater loss of weight 
than mature, adult animals, but these differences 
were not marked and appeared to have no effect 
with regards to the action of the barbiturate. 
There was a decreased resistance to pentobarbital 
with inanition. With near lethal doses of the hyp- 
notic a greater deaths occurred in 
fasting animals than in fed controls (Table IV). 
Inanition also proloriged the sleeping time when 
insufficient to death given. 
Thiamine concomitant with pentobarbital did not 
affect the sleeping time of fasting animals. Thirteen 
males, approximately eight months of age, unfed for 
forty-eight hours and given pentobarbital and thi- 
amine showed a sleeping time of eighty-seven min- 


percentage of 


doses produce were 


utes as compared to fasting controls which slept 
eighty-nine minutes and fed rats which slept fifty- 
eight minutes Ten young rats, three months old, 
unfed for forty-eight hours, slept sixty-three minutes 
when given pentobarbital and thiamine as compared 
to seventy minutes sleeping time for fasting rats not 
given thiamine and forty-one minutes for control, 
normally fed animals. Similarly, adult female rats 
showed little difference in the sleeping time between 
unfed ‘‘controls’’ and unfed animals given thiamine 
in addition to pentobarbital, and young females 
showed results approximately the same as the young 
males reported above 


DISCUSSION 


The gradual increase in sleeping time of all ani- 
mals during the weekly injections of pentobarbital 
appears to be the effect of factors accompanying 
age. Rapidly growing animals withstand greater 
amounts of pentobarbital than older animals, al- 
though it has been suggested that old adults are 
less susceptible than younger animals (11 Our 
experience has been that 25 mg./Kg. of pentobarbi- 
tal was followed by a sleeping time of shorter dura- 
animals more than twelve months of age 
than in these same animals approximately six to 
seven months old. Weekly injections do not appear 
to result in tolerance to the drug in rats, although 
injections every other day, or more often, generally 


tion in 


result in tolerance (3, 12, 13). 

A number of investigators have reported that 
following ovariectomy the sleeping time of pento 
barbital was decreased (3, 5). The work of Cam- 
eron (2), however, indicated that spaying increased 
the sleeping time in rats. In the animals studied 
here it was found that for three to sixteen weeks 
following ovariectomy the sleeping time of pento 
barbital was increased, but after one year there was 
a decrease in the sleeping time. Nutritive factors 
such as ample thiamine may have more effect upon 
castrated animals than normals. Testectomy ap- 
parently is shortly followed by changes in the rat 
that tend to increase the sleeping time. The in- 
jection of testosterone for several days reverses the 
duration of sleeping time toward that of the normal 
male (3, 11 The single injection of éstrone did 
not appear to have any effect, although Holck, et al. 

13), reported that estradiol administered to normal 
males lengthened their sleeping time. Other ster 
ols, such as cholesterol, have also been shown to in- 
crease the sleeping time of pentobarbital (14 
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It has been suggested that thiamine is necessary 
for the inactivation of the estrogens in the rat (15 
It is possible that prolongation of pentobarbita} 
sleeping time results from reduced inactivation of 
estrogens present. However, the effect of excess 
thiamine upon the lethality of heavy dosages of the 
barbiturate does not appear to be correlated with 
the action of thiamine upon the estrogens of the rat, 
but rather, as indicated by Smith (9), upon the de. 
pression of the respiration 

Nicholas and Barron (16), using sodium amyta} 
to produce anesthesia in the rat, found much greater 
tolerance to the drug when dilute solutions were 
injected This fact may have a bearing upon the 
apparent differences in the 
lethal dosages of some barbiturates 


literature concerning 
rhe method of 
administration is no doubt a factor also 
sible that the rats in the 
pentobarbital if it had been 
dilute solutions 


It is pos- 
present experiments would 
have tolerated 
administered in In our ex- 
periments using lethal or, near lethal amounts of 


more 
more 


pentobarbital, the concentration of the solution in- 
rs 


solution for 50 mg./Kg solution for 100 
mg./Kg. The object of the experiments was not to 
establish the lethal dose for normal rats, but rather 


jected varied with the dosage, for example 2.5 


and 5.0 


to compare normal and unfed controls with thiamine 
animals. For merely 
that administered in 

concentration to all animals 


injected comparison it is 


necessary a given dosage be 
the same 

The effect of fasting presents a peculiar problem 
A 25°; decrease in weight accompanying inanition 
results in a corresponding 25°, decrease in the quan- 
tity of barbiturate injected his reduced amount 
of barbiturate, however, is more effective in produc 
ing and maintaining hypnosis than larger quantities 
under addition to 
changes in metabolism, inanition and water depriva- 


more normal conditions. In 
tion are accompanied by a decrease in the fluid por- 
tion of the blood 17 The 
take 
in a decrease in the 
that 
turate occurs in the 
the central nervous system more than under normal 


decrease in water in- 


which often accompanies fasting may result 


body fluids to such an extent 
an actual increase in the percentage of barbi- 


blood stream, thus depressing 


conditions 


SUMMARY 


1. In normal male and female rats, sensitivity 
to pe ntobarbital increased with age 
2. Oral administration of thiamine in male 


rats prolonged the sleeping time of pentobarbital 

3. The injection of thiamine, 10 mg./Kg., 
concomttant with pentobarbital did not affect 
hypnosfs of normal animals when nonlethal doses 
were given, but reduced the amount of barbitur- 
ate necessary to procuce 50 per cent lethality. 

1. The hypnosis produced by pentobarbital 
was prolonged in ovariectomized rats for a period 
three to sixteen weeks after ovariectomy, but was 
reduced twelve months after spaying had oc 
curred 
effect 

5. Castration of males resulted in prolonga- 


rhe single injection of estrone had little 


tion of the sleeping time 
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6. The initial effects of addition of thiamine 

to the hypnotic dose of barbiturate was to de- 
crease the sleeping time of castrated females to- 
ward that of the nonoperated controls. Subse- 
quent injections were without effect. 
7. Oral administration of thiamine to cas 
trated males did not increase the duration of 
hypnosis significantly beyond the effect of castra- 
tion. 

8. Fasting for forty-eight, ninety-six, and 


one hundred and ten hours prior to the injection 
of pentobarbital resulted in an increase in the 
sleeping time, and a decreased resistance when 
near lethal doses were used. The addition of 
thiamine was without significant effect. 

9. Thiamine-injected animals do not survive 
doses of pentobarbital that animals not given 
thiamine sustain. It is suggested that the toxic 
effect of thiamine upon respiration affects ad- 
versely pentobarbital hypnosis. 
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New Rodenticidal Compounds* 


By KENNETH P. DuBOIS 


The toxicological and some of the pharmaco- 
logical properties of Castrix, a-naphthyl- 
thiourea, and sodium fluoroacetate are re- 
viewed. Information relating to the toxicity 
and rodenticidal efficacy of 2-chloro-4-di- 
methylamino-6-methy]! pyrimidine is re- 
ported. Sodium pentobarbital has been 
found to be effective as an antidote for Castrix 
poisoning. 


A" ARCH for new rodenticidal compounds was 
necessitated during the recent war by an 
increased demand for such substances and by dif 
ficulty in obtaining adequate supplies of the 
commonly used rodenticides, such as red squill 
which is obtained from other countries. The 
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necessity for finding new rodenticides was for- 
tunate, for it resulted in some of the most interest- 
ing observations of recent pharmacological re- 
search. 

In this country the cooperative efforts of nu- 
merous investigators led to the development of two 
new rodenticides, a-naphthylthiourea (ANTU) 
and sodium fluoroacetate (1080). At the close of 
the European phase of the war it was revealed 
that German scientists had also devoted consid- 
erable time to a search for rodenticidal com- 
pounds, valuable 
contributions, especially in the discovery of the 


Their studies also yielded 


rodenticidal action of 2-chloro-4-dimethylamino- 
6-methylpyrimidine which was known as Cas- 
trix. 


The development of new redenticidal agents 
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addition to 
finding compounds with a high toxicity to ro- 
dents. .It is very desirable to have an antidote 
for the poison in case of accidental poisoning. 
The substance must be acceptable to rodents 
when placed in the food, should be stable to heat 
and light, and should be one which can be pre- 
pared in large quantities at a low cost. It is 
also advantageous if the agent is more toxic to 
rodents than to domestic animals. 

Each of the new substances which has been de- 
veloped for the extermination of rodents varies in 
the number of these desirable properties which it 
possesses. It is therefore fortunate that a variety 
of good rodenticides has become available for it 
is now possible to select the substance best suited 
for each extermination problem. 


involves several considerations in 


The present communication reviews the toxi- 
cological and some of the pharmacological prop- 
erties of Castrix, a-naphthylthiourea, and sodium 
fluoroacetate, the three most important new 


rodenticidal agertts. Since no information has 


previously been reported on the German roden- 
ticide, Castrix, the results of our recent studies 
on the toxicity of this substance, its efficacy as a 
rodenticide, and the antidotal action of sodium 
pentobarbital against Castrix poisoning are in- 
cluded in the present report. 


EXPERIMENTAL 


Castrix 2-Chloro-4-dimethylamino-6-methyl- 
pyrimidine).—Because no data on the toxicity of 
Castrix had been published previously in this coun- 
try and no antidote against accidental poisoning in 
man and domestic animals was known, we undertook 
experiments (1) to ascertain the toxicity of this 
rodenticide to several species, to examine its ef- 
ficacy as a rodenticide, and to find an effective anti- 
dote for the treatment of accidental poisoning 

In all of the species examined Castrix produced 
symptoms typical of central nervous system stimu- 
lants. Convulsions occurred after a latent period 
of fifteen to forty-five minutes following either oral 
or intraperitoneal administration. Several convul- 
sive seizures occurred intermittently, terminating 
with death after lethal doses or complete recovery 
after sublethal doses. 

Toxicity tests showed that Castrix possesses a 
high toxicity to several species as is shown by the 
data in Table I. 

The results of these tests showed that Castrix is 
about five times more toxic to albino rats than 1080 
or ANTU. Some species difference in susceptibil- 
ity to Castrix was noted as is seen by the difference 
in toxicity of the compound to mice and rabbits. 
However, in spite of some difference in susceptibility 
Castrix is highly toxic to all species upon which it 
was tested. The data in Table I were collected 
during the summer months. Tests carried out on 
the same strain (Sprague-Dawley) of albino rats 
during the winter months gave an LD.» value of 2.6 
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mg./Kg., thus suggesting some seasonal variation 
in the toxicity of Castrix. 

The high toxicity of Castrix suggested the possi. 
bility that it would be an effective agent for the ex. 
termination of rodents if it were acceptable when 
placed in the diet. To test the acceptability of this 
new rodenticide when offered in the food, three 
groups, each containing five rats, were fed Wayne 
Dog Blox and were then offered the same diet 
ground and mixed with varying amounts of Castrix. 
When 0.25, 0.5, or 1.0% Castrix was placed in the 
diet unstarved rats readily accepted the mixture and 
it was highly toxic, producing death of all of the 
animals within a few hours after the diet was offered 
to them. 

From the observations on the high toxicity of 
Castrix to rats and the acceptability of this sub. 
stance when placed in the diet it appeared that this 
compound might be a valuable rodenticide. Its 
high toxicity to several species, however, made it 
highly desirable to have an effective antidote. We 
therefore initiated experiments to find some means 
of treating Castrix-poisoned animals. The central 
nervous system stimulation produced by Castrix 
suggested that anticonvulsant drugs might be ef- 
fective antidotes. Since it might not be known that 
an animal had been poisoned by Castrix until con- 
vulsions occurred, an antidote would have greater 
practical value in man and domestic animals if it 
were effective when administered during or after 
the onset of convulsions. Sodium pentobarbital 
(‘‘Nembutal’’) was the anticonvulsant drug chosen 
for the present studies and it was administered dur- 
ing or after the first convulsive seizure in about 
twenty-five minutes after injection of the rodenti- 
cide. 


TABLE I Acute Toxicity oF CASTRIX 

No 

Route of LDw = S. E., of 
Species Administration Mg./Keg Animals 
Rat Oral 1.25 = 0.10 30 
Rat Intraperitoneal 1.00 = 0.06 = 132 
Mouse Intraperitoneal 0.42 = 0.05 82 

Guinea 

pig Intraperitoneal 2.66 = 0.10 65 
Rabbit Intraperitoneal Ca. 5 13 
Dog Intraperitoneal Ca. 0.5 8 


The data in Table JI show the antidotal action of 
‘‘Nembutal”’ in Castrix-poisoned rats. It is appar- 
ent from these results that at least 10 LDs doses of 
Castrix can be effectively counteracted by ‘‘Nem- 
butal.’’ It is likely that careful regulation of the 
dosage of barbiturates might result in complete pro- 


- tection against 20 L Dy doses 


Experiments with dogs have shown that ‘‘Nem- 
butal”’ is effective in counteracting at least 15 to 20 
LDw doses of Castrix. To obtain protection in rats 
and dogs it was only necessary to control the con- 
vulsions until Castrix was detoxified or eliminated. 
Detoxification takes place in a few hours in rats 
but requires about thirteen hours in dogs when 20 
times the lethal dose is given. The slower rate of 
detoxification in the dog may explain the greater 
susceptibility of this species to Castrix as compared 
with rats. 

The experiments conducted to date have indi- 
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cated that the German rodenticide, Castrix, is a 
powerful convulsive agent exerting a similar pharma- 
cological action in all the species examined. It is 
about five times more toxic to rats than is either 
a-naphthylthiourea or sodium fluoroacetate. An 
additional advantage of Castrix over a-naphthyl- 
thiourea is the absence of a sex or age difference in 
susceptibility. Castrix is readily accepted when 
placed in the food and is highly toxic. A delayed 
period of twenty to forty minutes between the time 
of administration and the onset of symptoms is ad- 
yantageous because animals are unaware of the 
presence of the toxic agent while consuming the 


of the toxicity of ANTU to several species. ANTU 
is the only one of the new rodenticides which ex- 
hibits this widespread species difference in toxicity 
and it is this factor which is largely responsible for 
the usefulness of ANTU in areas in which there is 
danger of accidental poisoning in man and pets. 
ANTU is readily acceptable to rats when placed 
in the food but has the disadvantage that animals 
develop tolerance to many times the lethal dose 
after consuming a single sublethal dose of the roden- 
ticide. After tolerance is developed it is necessary 
to withdraw the bait for several weeks until the 
animals lose their acquired tolerance before further 





material. attempts to use ANTU will be successful. 
TABLE II.—-TREATMENT OF CASTRIX POISONING IN RATS WITH SODIUM PENTOBARBITAL 
Pentobarbital 
Dose of Initial Schedule of Pentobarbital Treatment 
Castrix, No. of Dose, Hours after Castrix—_—__—.. 
Mg./Kg Rats Mg./Kg. l 1.5-2 3 6 Survival, % 
5 5 45 30 20 = sg 100 
5 5 45 30 oe 20 oi 100 
10 5 45 30 30 ' 30 100 
20 5 30 30 — 15 - 60 
1) 5 30 30 20 15 60 


The antidotal action of barbiturates against Cas- 
trix poisoning provides a means of treating acciden- 
tal poisoning in man and domestic animals. Cas- 
trix is the only one of the new rodenticides for which 
there is an effective antidote 

a-Naphthylthiourea (ANTU).—Probably the most 
interesting development among the new American 
rodenticides was the introduction of a-naphthyl- 
thiourea (ANTU). From the initial discovery of its 
rodenticidal action until the present time a number 
of fascinating pharmacological actions by this 
compound have been noted 

The efficacy of ANTU as a field poison for the 
control of Norway rats was observed by Richter and 
associates (2, 3) as a result of a systematic investiga- 
tion of the toxicity of a number of thiourea deriva- 
tives. Such an investigation was stimulated by 
the observation of Richter and Clisby (4) that 
phenylthiourea was highly toxic torats. The bitter 
taste of this substance, however, eliminated its use 
as a rodenticide but stimulated the search for a 
thiourea derivative which lacked the bitter taste of 
phenylthiourea and retained the toxicity of the lat- 
ter compound. Such a substance was found in 
ANTU which is now being used quite extensively 
and successfully for the extermination of Norway 
rats 

The high toxicity of ANTU to albino rats is 
shown by the data in Table III in which the toxicity 
values for ANTU and several other rodenticides are 
listed. It may be seen from the data in Table III 
that while ANTU poseesses a high toxicity to al 
bino rats it offers no advantage over Castrix or so 
dium fluoroacetate in toxicity. While red squill is 
the least toxic of the substances listed, Stoll and 
Renz (5) have recorded an LD of approximately 
0.7 mg./Kg. to rats for the toxic principles of red 
squill making the squill glycosides among the most 
toxic rodenticidal substances. 

The important factor with respect to the toxicity 
of ANTU is the wide species difference in suscepti- 
bility. The data in Table IV give a comparison 





Considerable effort has been directed toward as- 
certaining the biochemical changes which result 
from acute ANTU poisoning in animals in order to 
gain an understanding of the cellular reactions 
which are disrupted by this rodenticide. Such 
studies might offer an explanation for the pulmonary 
edema and pleural effusion produced by ANTU 
which appear to be the immediate cause of death. 


TABLE III.—Toxicity OF RODENTICIDES TO ALBINO 








RATS 
LDw, 
Compound Mg./Kg. 
2-Chloro-4-dimethylamino-6-methyl- 
pyrimidine (Castrix) 1 
Sodium fluoroacetate (1080) 5 
a-Naphthylthiourea (ANTU) 6 
Strychnine 25 
Best Commercial, Red Squill 
Females 150 
Males 300 
TaBLe IV.—Toxicity oF ANTU To VARIOUS 
SPECIES 
LDw, 
Species Mg./Kg. 
Rat 6 
Mouse 35 
Dog 50 
Guinea pig 143 
Rabbit > 200 
Monkey > 200 


In studies on the carbohydrate metabolism of 
ANTU-poisoned animals we have found (6-8) that 
lethal doses of ANTU as well as other mono-sub- 
stituted derivatives of thiourea produced a marked 
hyperglycemia, depletion of liver glycogen, and 
inhibition of glycogen synthesis. These changes 
appeared to be induced by epinephrine since they 
could be prevented by adrenal-demedullation. 


— ae 
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However, prevention of the disturbance in carbo- 
hydrate metabolism did not prevent the lung damage 
nor did it influence the survival time after ANTU. 
While ANTU has no effect on glycolysis or respira- 
tion of animal tissues (8) it does inhibit certain en- 
zymatic and nonenzymatic oxidative reactions 
9). These include catalyzed by the 
plant enzyme, tyrosinase, and the copper-catalyzed 
oxidation of ascorbic acid. There is a correlation 
between the inhibitory action of several thiourea 


reactions 


derivatives on these oxidative reactions and their 
toxicity to rats. These findings suggest that acute 
poisoning by ANTU and related compounds may re 
sult from inhibition of some essential cellular oxida 
tive reaction. 

Although no effective antidote for ANTU has 
yet been found it has been observed in this labora- 
tory (10, 11) that rats fed a diet high in iodine are 
able to withstand several times the usual LD.» dose 
of ANTU 
the iodine at least six hours before ANTU in order 
to obtain the protective effect and iodine was in 
effective in offering protection when administered 
simultaneously with ANTU or after ANTU had 
been given to animals. That the thyroid gland is 
involved in some manner in the protection offered 
by iodine was seen by the absence of the protective 
effect of iodine in thyroidectomized, iodine-fed rats 
This suggested that iodine must first be converted 


However, it was necessary to administer 


to di-iodotyrosine or thyroxin in order to protect 


against ANTI However, this was not the case 
since neither thyroxin nor di-iodotyrosine offered 
any appreciable protection against acute ANTU 


poisoning in rats 

Guinea pigs, which are already resistant toward 
ANTU, received no protection from iodine added to 
the diet It therefore appears that the spec ies dif- 
ference in susceptibility to ANTU may be related 
in some manner to differences in thyroid function 
species. It re 
exact 


various 
ascertain the 


or iodine metabolism in 
mains for future research to 
mechanism of protection by iodide against ANTU 
ANTI 
yield 


role of the thyroid gland in acute 


Studies on these problems may 


and the 
poisoning 
explanations for the many interesting biochemical 
effects produc ed by ANTI 
ANTI 
usefulness and it has 
interest because of its unusual and varied pharma 
most of which have not yet been 


As a rodenticide has already proved its 


also attracted considerable 


cological effects, 
adequately explained 

Sodium Fluoroacetate (1080).— Th: 
efforts of numerous investigators during the recent 
led to the of sodium fluoro- 


1 rodenticide 


combined 


introduction (12 
Numerous 


wal 


icetate is 
subsequently been « irried out on the toxicity and 


tudies have 


pharmacologi« il action of this substance Consid 
erable variations in the toxicity (12) and in the site 
of action of the poison have been noted (13 The 


species difference in susceptibility to 1OS80 1s in no 
: -r 
way comparable to that observed with ANTI 
The oral LD mg./Kg.) of 1080 to several species 


is as follows: dogs 0.35, cats 0.35, meadow mice 
0.5. white rats 2.5, and Norway rats 5.0 
Experimentation and practical usage have shown 


that 1OS80 1s an effective rat poison However, it 1s 


also a lethal agent for many other species and must, 
therefore, be used with discretion especially in urban 
no effective 


there 1s means of 


communities since 
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treating accidental poisoning and domestix 


ng dogs 
and cats are extremely sensitive to its action 


SUMMARY AND CONCLUSIONS 


Studies on the toxicity of the German ri denti- 
cide, Castrix, have revealed that this compound is 
about five times more toxic to albino rats than 
e-naphthylthiourea and sodium fluoroacetate. 
The LD» of Castrix given intraperitoneally js 
about 1.0 mg./Kg. for rats and it is readily ac. 
ceptable and highly toxic when placed in the diet. 

Castrix is similar to sodium fluoroacetate in its 
high toxicity to several species and its wide spread 
use would constitute a danger to man and domes. 
tic animals. However, in contrast to fluoroace- 
tate, 
treated with barbiturates 


Castrix poisoning can be successfully 
In spite of the avail 
ability of an effective antidote for Castrix the 
violent convulsions which occur in poisoned ani 
mals not treated with barbiturates make it de 
sirable to employ the material with caution 

In places where the risk of accidental poison 


ing 1s too great to employ Castrix a safer pro- 


cedure may be followed by using ANTU or 
squill. In spite of the rapid acquisition of toler 
ance and the resistance of young animals to 
ANTU this substance has probably found a per 


manent place among rodenticidal agents for the 
extermination of Norway rats 

Aside from its rodenticidal action many inter 
esting problems concerning ANTU remain to be 
reasons for the 


the de 


answered. Among these are the 
wide species differences in susceptibility 
velopment of tolerance, and the protective action 
ANTI 


be the subject of interesting future in 


of iodide will, therefore, undoubtedly 


vestigations 
highly effec 


Through the scientific use of the 


tive rodenticides which are now available it 
should be possible to reduce greatly and in 
many cases to eliminate, the tremendous de 
struction and the transmission of disease by rats. 
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Chronic Toxicity 


Studies on Decapryn Succinate 


(2 -| alpha-(2-Dimethylaminoethoxy)-alpha-methy]- 
benzyl |-pyridine Succinate)* 


By CHARLES R. THOMPSON and HAROLD W. WERNER 


Decapryn Succinate, a new histamine antago- 
nist, was well tolerated by dogs, rats, and mon- 
keys when administered several times daily 
over a period of approximately two months. 
No accumulation occurred with repeated 
doses, and results in rats indicated repeated 
doses do not produce signs of toxicity unless 
doses employed approach acutely lethal ones. 


A 


introduced into clinical medicine. 


NUMBER of synthetic compounds possessing 
antagonistic action to histamine have been 
The 
ture contains many reports on activity and acute 


litera 
toxicity of these substances, but there is only a 
small amount of data on chronic toxicity in ani 
mals. 
Récently a 
(2-dimethylaminoethoxy)-a-methylbenzyl |-pyri- 


new histamine antagonist, 2-[a 


dine succinate, has been used clinically under the 
trade name of Decapryn Succinate. Studies on 
the 
metabolism in animals have been reported (1 


pharmacologic and antiallergic actions and 


3); and clinicai results have been described by 
several investigators (4-6). This paper presents 


results of chronic toxicity studies which formed 


a part of the laboratory background for clinical 


investigations. 


EXPERIMENTAL 


Repeated Oral Administration to Dogs._—Twelve 
adult mongrel dogs of both sexes were fed a stand- 
ird diet with regulated caloric intake and were con- 
ditioned to the laboratory during a period of three 
months before starting the experiment. They were 
then divided into three groups of four animals each. 
administered Decapryn Succinate 
Kg. Asecond group received the 
15 mg./Kg. for one week and in 
Kg. during the remaining part of 
The third group served as a con- 
administered orally in hard 
was administered in a 
controls since this substance 


One group was 
> mg 


drug in doses of 


in doses of ¢ 
doses of 7.5 mg 
the experiment 
trol. The 
gelatin capsules, 
similar manner to the 
was employed as a diluent in capsules for the experi- 
mental groups. Control and drug doses were ad- 
ministered three times a day for the first five days 
and twice on the sixth day of each week, for eight 
weeks 


drug was 


and sucrose 


Hematologic evaluations were made every other 
week for all animals. The hemoglobin determina 
tions with a Fisher electrohemometer, 


and the sedimentation rate, and icterus 


were made 


hematocrit, 


* Received Apnl 8 
ment, Research Laboratories 
Cincinnati, Ohio 


1948, from the Pharmacology Depart 
The Wm. S. Merrell Company, 


9) 


o 


iridex determinations were conducted according to 
the Wintrobe technique (7) except that minimal 
amounts of a 10% solution of potassium oxalate 
were added as an anticoagulant. Sedimentation 
rates were corrected for erythrocyte volume by the 
method of Wintrobe and Landsberg (8) employing 
a standard value derived from data obtained for 
this group of dogs during the pre-drug period. 

The dogs were sacrificed at the termination of 
drug administration. Specimens, from the aorta, 
heart, lung, liver, spleen, kidney, urinary bladder, 
adrenal, stomach, and small and large intestines 
were fixed in Bouin’s fluid, and paraffin sections were 
prepared and stained with Delafield’s hematoxylin 
and eosin. 

At the termination of the eight-week period of 
drug administration all dogs were in excellent physi- 
cal condition. During the first week of administra- 
tion 3 of the 4 animals which received 15 mg./Kg. 
of Decapryn Succinate three times daily exhibited a 
loss of appetite and weight, panting, mydriasis, and 
apprehensiveness. The dose was reduced to 7.5 
mg./Kg. at the beginning of the second week of drug 
administration, and all signs of toxicity disappeared; 
and these and other experimental and control ani- 
mals gained in weight throughout the balance of the 
experiment (Fig. 1). 
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Fig. 1.—Average weights of groups of four dogs 


each administered Decapryn Succinate and placebos 
in hard gelatin capsules three times a day. One 
group received the drug in doses of 15 mg./Kg. for 
one week and doses of 7.5 mg./Kg. for seven weeks. 
One group received doses of 3.0 mg./Kg. for eight 
weeks. 


Decapryn Succinate did not cause blood dyscra- 
sias, The erythrocyte counts, total and differential 
leucocyte counts, hemoglobin concentrations, hema- 
tocrit readings, icterus indices, and sedimentation 
rates for the experimental groups remained in a 
normal range; and the values did not differ signifi- 
cantly from those of the controls (Table I). 

No gross or microscopic changes were observed 
which could be attributed to drug administration. 
Pathologic alterations were of types frequently ob- 
served in dogs, and they occurred as frequently in 
control as_in experimental groups. 


11 
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Repeated Oral Administration to Rats.—Effects 
of repeated stomach tube administrations of De. 
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The administration of single daily doses of 50 to 
150 mg./Kg. of Decapryn Succinate for six weeks 
did not produce signs of toxicity. The general 
appearance, growth rate, and food consumption 
for the experimental groups were similar to those 
for the controls. During the week of administra- 
tion of 70 mg./Kg., 2 experimental animals and 1 
control died. Symptoms present before death and 
autopsy examinations indicated the 2 experimental 
animals probably died of respiratory infections. 

Two hundred mg./Kg. of Decapryn Succinate 
given daily for eight days decreased rate of growth 
of some animals. Daily doses of 400 mg./Kg. for 
four days generally decreased food consumption 
and rate of growth and killed one rat. 

The day following the last 400 mg./Kg. dose, 15 
control and 15 experimental animals were adminis- 
tered a single oral dose of 600 mg./Kg. of Decapryn 
Succinate. Similar toxicity was observed in both 
groups. The single 600 mg./Kg. dose killed 3 of 
15 animals which had received Decapryn Succinate 
previously for fifty-four days, and it killed 4 of 15 
animals which had received no Decapryn Succinate 
previously. These data indicate no tolerance or 
accumulation developed with the administration of 
Decapryn Succinate in large doses over a period of 
fifty-four days. 

Repeated Oral Administration to Monkeys.—The 
effects of repeated oral administrations of Decapryn 
Succinate to monkeys (Macaca mulatta) were 
studied in 1 adult female and 1 immature male. 
Solutions of the compound were administered by 
stomach tube three times a day for the first five 
days and twice on the sixth day of each week. Drug 
doses employed were 2 mg./Kg. the first four weeks, 
4 mg./Kg. the fifth through the seventh week, 8 
mg./Kg. the eighth and ninth weeks, 12 mg./Kg. 
the tenth and eleventh weeks, 16 mg./Kg. the 
twelfth week, and 20 mg./Kg. the thirteenth week. 

No evidence of toxicity was observed with oral 
doses of 2, 4, 8, and 12 mg./Kg., three times daily. 
Sixteen mg./Kg., three times a day, decreased food 
consumption of the mature female monkey, and 
the animal became apprehensive. Twenty mg./Kg., 
three times a day, caused the female monkey to 
refuse practically all food and lose weight (Fig. 3). 




















DECAPRYN SUCCINATE IN MG/KG 
o] 2 4 | 28 |i2 hep 0 
FEMALE 
° MALE 
o7 
= 
z = - vu neaie ome ee 
a ~—e * 
; 6 _ —- nV pome™ 
ry) 
2 5r 
4-L a 
e-*-*-*— 
maciieiteatilll gn 0 O98 9 OO On g_ 9 OOO 
DE heed ae ee A 1 a | i SS 
1) 4 8 12 16 20 24 28 
WEEKS 


Fig. 3.—Weight curves of a mature female and 
an immature male monkey administered Decapryn 
Succinate by stomach tube, three times a day, in 
doses indicated in the figure. 


The animal yawned frequently, was apprehensive, 
and upon handling exhibited convulsive tremors. 
These symptoms were not present in the immature 
male animal administered similar doses of Decapryn 
Succinate. Four days after drug withdrawal the 


behavior of the female monkey was normal, and 
food consumption had increased. Later food con- 
sumption and body weight returned to normal. 

Decapryn Succinate did not alter the blood pic- 
tures of the 2 monkeys. The erythrocyte counts, 
total and differential leucocyte counts, and hemo- 
globin concentrations remained in the normal range 
(Table I). No gross pathologic alterations were ob- 
served by peritoneoscopic examinations, and liver 
biopsy specimens examined microscopically were 
normal. 


DISCUSSION * 


Signs of excessive dosage of Decapryn Succinate 
which occurred with repeated administrations were 
similar to those observed after a single dose of the 
drug. They consisted of a complex syndrome of 
excitant reactions, characterized in dogs and mon- 
keys by apprehension, irritability, and muscle 
tremors. Excessive doses caused loss of appetite 
and weight in all three species investigated; how- 
ever, central stimulation and convulsions became 
evident in rats only after the administration of mas- 
sive doses approaching acutely lethal ones. Similar 
signs of toxic drug action have been observed for 
Pyribenzamine Hydrochloride (9, 10) and Benadryl 
Hydrochloride (11). 

Gruhzit and Fisken (11) reported that the daily 
oral administration of Benadryl Hydrochloride in 
doses of 10 mg./Kg. per day to dogs produced no 
toxic reactions. A dosage of 25 to 40 mg./Kg. per 
day produced an excitant syndrome. Decapryn 
Succinate produced no signs of toxicity in dogs in 
total doses of 22.5 mg./Kg. per day (7.5 mg./Kg., 
three times a day). Daily oral doses of 45 mg./Kg. 
(15 mg./Kg., three times a day) produced the typi- 
cal excitant syndrome in 3 of 4 dogs. These data 
indicate that Decapryn Succinate and Benadryl 
Hydrochloride produce the excitant reactions in 
similar milligram doses. 


SUMMMARY 


Doses of 3.0 and 7.5 mg./Kg. of Decapryn Suc- 
cinate three times daily produced no evidence of 


. toxicity when administered orally to dogs. Re- 


peated administration of 15 mg./Kg., three times 
a day, caused loss of appetite and weight, mydria- 
sis, apprehension, and muscular tremors in 3 
of 4 dogs. None of these doses caused histologic 
or hematologic alterations. 

Apprehension and other toxic signs observed 
in dogs occurred in 1 of 2 monkeys which received 
repeated oral doses of 16 and 20 mg./Kg. three 
times daily. Repeated doses of 12 mg./Kg. or 
less three times daily produced no toxic effects, 
and none of the doses caused visceral damage as 
determined by peritoneoscopic examination and 
histologic study of liver biopsy specimens. 

The administration of doses as high as 45 mg./ 
Kg. twice daily for a period of thirty-eight days 
had no significant effect on rats as judged by 
gross signs of toxicity, hematologic determina- 
tions, and histopathology. Repeated adminis- 


' 
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Kg. 


However, an in 


tration of increasing doses from 50 to 150 mg. 
also had no gross toxic effects. 
crease to 200 mg./Kg. resulted in a decrease in 
the rate of growth in some animals, and an in 
crease to 400 mg./Kg. generally caused decreased 
food consumption and caused one death. 
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Repeated administrations of Decapryn Sye. 
cinate to rats in large doses for a comparatively 
long period did not lead to tolerance or accumu. 
lation; and repeated doses resulted in toxicity 
only when these doses appre vached acutely lethal 


ones. 
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Pharmacol 


Digitalis, A Preliminary Investigation* 


By GAIL BAY? and OLE GISVOLD? 


Fresh leaves of Digitalis purpurea and Digitalis 
lanata were disintegrated in the presence of 
water by means of a Waring Blendor. The 
chlorophyll was coagulated by heat and re- 
moved by filtration. The aqueous solution 
thus obtained was concentrated and diluted 
with alcohol to obtain a tincture having a po- 
tency comparable to a tincture made from the 
dried and powdered drug according to the 
usual procedures. An alternative method 
would be precipitation of the glycosides 
from aqueous solution by saturation with 
sodium sulfate. The separated glycosides 
could then be dissolved in alcohol to give a 
tincture that compares favorably in activity 
to the one above. 


Se the introduction of Digitalis purpurea 
into medicine by William Withering in 
1785, Digitalis purpurea, 
other species of Digitalis have been the subject 


Digitalis lanata, and 


of many phytochemical and pharmacological 


investigations. Today, thanks to such investi 
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gators as Cloetta, Smith, Kraft, Stoll, etc., much 
is known about the isolation of the glycosides 
that occur in the digitalis species 

In order:to obtain more uniform and stand- 
ardized cardioactive preparations, a number of 
procedures have been developed to obtain solu 
tions and tinctures that are free from much ex- 
traneous matter and contain essentially only the 


active glycosides. Several of these preparations 


have been described in New and Nonofficial 
Remedies. Furthermore, this trend has led to 
the recognition of mixtures of highly pupified 


glycosides such as Digilanid and Digifolin N. N. 
R. 1946 
Digoxin and Lanatosid C 


as Digitoxin, 
XIII 


A survey of the methods used to prepare the 


and single entities such 
of the U. S. P 


above solutions and purified glycosides revealed 
that 
and 


not all of them, are cumbersome 
Phis, the 


methods are used in the purification of 


most, if 


tedious because conventional 
givco 
sides to free them from chlorophyll, and from 
water, and dilute alcohol-soluble pigments, sugars, 
etc. Because infusions of digitalis have been used 
to obtain aqueous solutions that contain much of 
concluded 


the cardioactive glycosides, it can be 


that this solvent could be used 1n tsolation tech 
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niques, even though a survey of the solubilities 
of the purified preparations exhibit rather wide 
divergencies. This would automatically elim- 
inate much of the troublesome pigments that 
will dissolve in alcohol. Furthermore, if water 
extraction were applied to the fresh drug, no 
free chlorophyll should be encountered because 
chlorophyll in the native state is a prosthetic 
group bound to a protein and this chlorophyll 
protein complex is not ruptured by water as it is 
with most organic solvents. Because proteins 
in general can be coagulated by heating, the 
chlorophyll should be readily removed witlr the 
coagulated protein to which it is bound and thus 
facilitate the ready separation of the troublesome 
chlorophyll. 

The solubilities of the glycosides would lead 
one to believe that aqueous extracts might con- 
tain them in a colloidal state. Therefore, after 
the removal of the chlorophyll, the glycosides 
might be induced to separate from solution by 
suitable treatment and leave much of the extrane- 
ous water-soluble substances such as sugars, 
water-soluble pigments, etc., in solution. The 
separated glycosides should then be in a con- 
centrated form containing some impurities. It 
was hoped that some solvents could be used to 
prepare solutions suitable for direct use in medi 
cine or for the isolation of highly purified active 
cardiac glycosides : 

The results obtained in this preliminary inves 
tigation with Digitalis purpurea and Digitalis 
lanata have substantiated the above postulations 
and more extensive studies along these lines are 


now in progress 


EXPERIMENTAL 


Moisture Content of Digitalis purpurea and 
Digitalis lanata.—The moisture content of these two 
species was determined in order to furnish a basis of 
comparison between tinctures made from the fresh 
leaves and the usual tinctures which are made from 
the air-dried drug and whose strengths are calculated 
on the basis of the air-dried drug. Approximately 
15-Gm. samples of fresh Digitalis purpurea and Digi 
lalis lanata were collected, cleaned and dried to 
constant weight in an oven at about 40°. The 
average moisture contents of Digitalis purpurea 
and Digitalis lanata were found to be 83.09°% and 
78.04%, respectively 

Aqueous Solution or Water Extract of Digitalis 
purpurea.—Fifty-nife grams of freshly collected 
and cleaned Digitalis purpurea leaves were broken 
into small pieces and slowly added to 100 cc. of 
distilled water in a Waring Blendor. Disintegra 
tion was allowed to proceed for about ten minutes 
after which time if the temperature of the mixture 
had not reached 60 to 70°, the mixture was transfer 
red to a beaker and heated to 70 This heat treat 
ment served the dual purpose of coagulating ali the 


chlorophyll and destroying the enzymes. The 
mixture was then filtered with the aid of suction 
through muslin on a Biichner funnel and the residue 
washed several times with water. The filtrate was 
amber colored and served as a starting point for the 
preparation of the following tinctures. 





TABLE I.—TINcTURE 1 (Digitalis purpurea) 
Body Hearts in Systolic 
Frogs, Weight, Standstill 
No Ce./Gm No. % 
4 0.010 0 0 
4 0.012 1 25 
s 0.015 6 75 
s 0.020 7 87.5 
4 


4 0.025 


Tincture 1.—-(See Table I.) A water extract from 
59 Gm. of Digitalis purpurea, prepared as described 
above, was concentrated under reduced pressure on 
a steam bath to a volume of about 10 cc. About 5 
Gm. of filter cell was added, and the distillation con- 
tinued to remove all the solvent. In the absence 
of filter cell, a light to dark brown gummy solid 
was obtained which was difficult to remove from 
the flask even when it was digested with 95% alco- 
hol. The filter cell gave a satisfactory dispersion 
of the water-soluble material and permitted removal 
of the extractives when digested with 95% alcohol. 
The residue was extracted successively with four 
18-cc. portions of warm (65°) alcohol. These ex- 
tracts were combined, filtered and brought to a vol- 
ume of 77 cc. with alcohol. Water was then added 
to make a total volume of 100 cc. The tineture pre- 
pared in this way had a yellow color. This and all 
succeeding preparations were assayed by the one hour 
frog method described in the U.S. P. XI. Control 
tinctures were prepared from dried and milled leaves 
according to the procedure described in the U. S. P. 
XI for the preparation of the reference tincture. 
Although the number of frogs used on each dosage 
level varies, no less than four frogs were used in any 
The number of frogs available did not 
permit of more extensive testing at the time the 
work was under way. 

Tincture 2.—(See Table II.) A water extract 
from 59 Gm. of Digitalis purpurea prepared as de- 
scribed above was concentrated under reduced 
pressure on a steam bath to a volume of about 25 cc. 
About 4 Gm. of filter cell was added and the solu- 
tion saturated, while stirring, with anhydrous sodium 
sulfate. The glycosides, together with a small 
amount of extraneous matter, separated and were 
dispersed on the filter cell. In the absence of filter 
cell, the same kind of separation takes place upon 
saturation with sodium sulfate; however, the sepa- 
rated material is gummy in character and not read- 
ily adaptable to extraction with organic solvents. 


one dose. 


TABLE II.—Tuincture 2 (Digitalis purpurea) 


Body Hearts in Systolic 
Frogs, Weight, Standstill 
No Ce./Gm No. % 
6 0.010 3 50 
6 0.012 3 50 
8 0.015 6 75 
8 0.020 7 87.5 


6 0.025 6 100 
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The precipitate obtained above was extracted 
with four 18-cc. portions of warm (65°) alcohol. 
These extracts were combined, filtered, and brought 
to a volume of 77 cc. with alcohol. Water was then 
added to make a total volume of 100 cc. The tinc- 
ture prepared in this way was very light yellow in 
color and upon assay gave the results shown in 
Table II. 

Tincture 3.—This tincture was made from dried 
and powdered Digitalis purpurea according to the 
procedure described in the U.S. P. XI for the prepa- 
ration of the reference tincture. The digitalis used 
in this tincture was collected from the garden the 
same season that the fresh material was collected. 
The results of the frog assay for this tincture are 
shown in Table ITI. 


TaBLe III.—Tincture 3, Controt (10% Digitalis 
purpurea) 
Body Hearts in Systolic 
Frogs, Weight, Standstill 
No Ce./Gm No / 
6 0.010 4 66.6 
8 0.012 7 87.5 
8 0.015 7 87.5 
6 0.020 6 100 


* Extract of the dried, powdered leaves 


Tincture 4.—This tincture was prepared from 
172/; Gm. of fresh Digitalis lanata according to the 
procedure described for the preparation of Tincture 
1. The results of the frog assay for this tincture 
are shown in Table IV. 


TaBLe IV.—TincturRe 4 (Digtialis lanata) 





Body 


Hearts in Systolic 
Frogs, Weight, Standstill 
No Ce. /Gm No o// 
4 0.012 0 0 
4 0.015 2 50 
‘ 0.020 6 75 
8 ‘ 0.025 S 100 
4 0.080 3 75 
Tincture 5.—This tincture was prepared from 


17?/,; Gm. of fresh Digitalis lanata according to the 
procedure described for the preparation of Tincture 
2. The results of the frog assay for this tincture 
are shown in Table V. 


TABLE V.—TinctTurR_E 5 (Digitalis lanata 


Body Hearts in Systolic 
Frogs, Weight, Standstill 
No Cc. /Gm No % 
4 0.012 l 25 
4 0.015 2 50 
8 0.020 6 75 
8 0.025 8 100 
4 0.030 3 75 
Tincture 6.—This tincture was prepared from 


3'/; Gm. of dried and powdered Digitalis lanata ac- 
cording to the procedure described in the U. S. P. 
XI for the preparation of the reference tincture 
The digitalis used in this tincture was collected from 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


the garden the same season that the fresh materia] 
was obtained. The results of the frog assay for this 
tincture are shown in Table VI 


TABLE VI.—TinctTur_E 6, CONTROL (3.33% Digitalis 
lanata)* 
Body Hearts in Systolic 
Frogs Weight, Standstill 
No Cc./Gm No % 
4 0.012 0 0 
4 0.015 2 50 
4 0.020 3 75 
4 0.025 4 100 
} 0.030 4 100 


® Extract from dried, powdered leaves 


Preliminary Attempts at the Isolation of the Puri- 
fied Glycosides.—-The precipitate, impregnated on 
filter cell as described in the preparation of Tinctures 
2 and 5, was subjected to extraction by numerous 
organic solvents to determine which, if any, would 
prove of value in isolation of the glycosides present. 
The effectiveness of the solvents was traced by the 
application of the Keller-Kiliani test to the residues 
left after the removal of the solvent. Of all the 
solvents tested, furan and tetrahydrofuran showed 
outstanding promise in the ease with which the gly- 
cosides could be extracted. When these solvents 
were used to extract larger quantities of the above- 
mentioned precipitate, it was quite easy to obtain 
some of the digitalis glycosides in a colorless form. 
These studies are being further investigated 


SUMMARY AND CONCLUSIONS 


The results of the above assays (Tables I and 
IV) indicate that the active cardiac glycosides 
can be extracted from the fresh leaves of Digitalis 
purpurea and Digitalis lanata by disintegrating 
them by means of a Waring Blendor in the pres- 
ence of water. This, because after the removal 
of the chlorophyll by heat treatment an aqueous 
solution was obtained that could be converted 
into a tincture the activity of which [Tables III 
and VI (by the frog assay) | compared quite favor- 
ably with a tincture prepared from the dried and 
powdered drug, according to the procedure de- 
scribed in the U.S. P. XI. 

Furthermore, the assays (Tables II and V) indi- 
cate that the active cardiac glycosides can hk 
precipitated from the aqueous solution by satura- 
tion with anhydrous sodium sulfate and dis- 
solved therefrom by alcohol. 

Preliminary studies have indicated that: the 
sodium sulfate precipitable fraction of the aque- 
ous extract furnishes an excellent starting point 
for the isolation of purified solid preparations of 
the active glycosides when this fraction is ex 
Two outstanding 
solvents in these studies which readily gave good 


tracted with various solvents. 


results were furan and tetrahydrofuran. 
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The In Vitro Fungistatic Action of Some 
Nitrofuran Derivatives* 


By W. C. WARD, J. P. PRYTHERCH, and D. L. CRAMER 


The fungistatic action of some nitrofuran de- 
rivatives against a series of fungi has been in- 
vestigated by an accepted in vitrotest. Out- 
a activity was noted in the case of two 
derivatives, 5-nitro-2-furfuryl methyl ether 
and 5-nitro-2-furaldehyde oxime. There was 
no structural specificity apparent in the com- 

unds studied. In order to observe the ef- 
ect of vehicle upon activity various bases 
were included in the study to compound the 
nitrofuran derivatives. The emulsion type 
base allowed the maximum fungistatic activity 

to be displayed. 


T '4E INTRODUCTION of a nitro group into the 
5-position of the furan ring confers consider- 
able bacteriostatic activity upon such derivatives 


(1). Active compounds have this configuration: 
‘ a 
O.N—N 1 7—R 
O 


where R can be any one of a number of varied 
groups. 

With the proved in vitro bacteriostatic action 
of the nitrofurans in mind, an investigation of 
the fungistatic properties of these derivatives 
was undertaken. This report is coneerned with 
the antifungal effects present in these compounds 
as determined by an accepted in vitro method. 

Since a large number of nitrofuran derivatives 
has been prepared in these laboratories, it was 
necessary in the current study to select represen- 
tative or type compounds in order to minimize 
the amount of testing and at the same time still 
obtain a picture of the effect of various substi- 
tuted furans. Accordingly, the nitro compounds 
of derivatives of 2-furoic acid, furan, 2-furfuryl 
alcohol, 2-furaldehyde, and 2-furylalkylketones 
were investigated. This series represents varied 
substitutions in the 2-position of the furan nu 
cleus. The compounds ultimately selected for 
careful study were these: (I) 5-nitro-2-furalde- 
hyde oxime, (11) 5-nitro-2-furyl butyl ketone, (III) 
5-nitro-2-furaldehyde acethydrazone trimethyl] 
ammonium chloride, (IV) 5-nitro-2-ethyl furoate, 
(V) 5-nitro-2-furfuryl propionate, (VI) 5-nitro-2- 
methyl furan, and (VII) 
methyl ether. 

The concentration of nitrofuran arbitrarily 


5-nitro-2-furfuryl 


* Received Feb. 20, 1948, from the Research Department 
of Eaton Laboratories, Norwich, N. Y 


chosen for testing was 0.2 per cent (1:500) in a 
suitable vehicle. Though arbitrary, it was felt 
that this choice would show whether or not signifi- 
cant activity was present and, if further investi- 
gation seemed warranted, might be compatible 
with its ultimate administration. Since it was 
realized that the vehicle could possibly influence 
the activity of the nitrofurans, various types of 
bases were employed in the study. It was 
thought that some correlation between activity 
and base type might be brought out by this ap- 
proach. Therefore, bases of these types were 
employed: B-1, an anhydrous water miscible 
base; B-2, a base containing approximately 50 
per cent water, and B-3, an emulsion base. 


EXPERIMENTAL 


The selected nitrofurans were compounded in 
each of the three base types in a concentration of 
0.2% (1:500). These preparations were tested by 
a modification of the cup-plate method described 
by Ruehle and Brewer (2). The various fungi 
chosen were grown on Sabouraud’s maltose agar 
slants (Difco) for five to seven days. Five cubic 
centimeters of normal saline were pipetted on to 
each slant. The fungi were then scraped off with a 
heavy loop and the suspension of fungi was poured 
into a small flask containing 10 cc. of normal saline 
and a quantity of small glass beads. The diluted 
fungi suspension was shaken several minutes to 
break up the mycelium and form an homogeneous 
suspension. Approximately 5 drops of this suspen- 
sion were placed on a Sabouraud’s agar plate (20 cc. 
volume). “A glass rod bent at an angle of 45° was 
used to spread the fungi suspension evenly over the 
agar surface. A cup was made in the agar with a 
No. 11 cork borer (15 mm. diameter) and the cups 
were sealed by flaming the plates briefly over a 
bunsen burner. The nitrofuran preparations were 
inserted into the cups with a 10-cc. syringe, thus 
minimizing the possibility of loss of material in trans- 
fer. The plates were incubated for at least ninety- 
six hours at room temperature (25-28°). The zone 
of inhibition produced by any preparation was de- 
termined by measuring in millimeters the distance 
from the edge of the cup to the inner edge of 
fungus growth. The fungi used in the testing pro- 
cedure were: Trichophyton mentagrophytes, T. pur- 
pureum, T. rubrum, T. interdigitale, T. inguinale, 
Microsporon lanosum, and Eptdermophyton albicans. 

The nitrofuran preparations were tested twice at 
two-week intervals. 7. inguinale would not grow 
out on the second test. All other fungi grew out 
well in ninety-six hours with the exception of the 
aforementioned and 7. rubrum, which required 
one hundred and twenty hours for complete growth. 
E. albicans grew out in forty-eight hours. 
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In Table I are given the results of the testing of have a lesser effect and V and VI are slight in their 
the. nitrofuran preparations against the various action. The gradation of activity noted in the 
fungi. These results are an average of 3 plates for small series cannot be explained at present and the 
each preparation . series is too limited to warrant undue speculation 

From Table I it can be seen that Iand VII have’ There is an effect upon activity produced by the 
noteworthy fungistatic activity with a mentionable nature of the group in the 2-position. Further jp. 


activity present in II and IV. The activity is re- vestigation should be centered upon the substituent 
tained throughout the series of fungi tested with in the 2-position, although, in view of the equally 
little variation in the degree of inhibition. active compounds I and VII, of unrelated structure 


raBLe I FUNGISTATIC ACTION OF SOME NITROFURAN DERIVATIVES.* CONCENTRATION OF NITROFURAN 
= ().2°, (1: 500 


R = OLN 
() 
T 2 7 
E menta 7 inter i pur pur- I Be 
slbicans grophyte rosaceum leettale lan am eum raibrum ingutnale 
Preparation 48 Hr 96 Hr 96 Hr 96 Hr 96 Hr 96 Hr 120 Hr 120 Hr, 
I R—CH=NOH 
B-1 0 } 0 2.5 Q 9 3P 15 
B-2 5 11.5 gy 1] 16 19.5 15 16 
B-3 11.5 20 19 15 21 24.5 21.5 21 
{II R—COC,H, 
B-1 2 5 0 9 10 7 +P 14 
B-2 5.5 10.5 } 13.5 17.5 IS 11 20 
B-3 13 1d 12.5 19.5 19 21 18 23 
III R—COOEt 
B-1 () () 0 7) 3.5 6 0.5 16 
B-2 2.5 7 0) 4.0 12.5 12.5 7 
B-3 7.5 10 ™ 5.5 13 LS 16.5 14.5 21 
IV R—CH.OOCC,.H 
B-1 () 0 () () () 15 () 0) 
B-2 8 15 3 6 7 6.5 5.5 g 
B-3 15.5 13 12.5 15.5 21 16 17 19 
V RCH=NNHCOCH,N(CH,;);Cl 
B-1 0 3.5 0 8.5 5.5 3.5 2.5 10 
B-2 0 0 12.5 1! 3P 0 - 
B-3 0) 3.5 () 2.5 17 1.5 3 l 
VI R—CH 
B l {) {) {} } ) {) 1) {) 
B-2 7.5P° 8.5 5.5 12 1.5 (5 iP 7 
B-3 IRP 14P 5 15 14 11.5 7 16 
VII R—CH,OCH 
B-1 () ( l } 1.5 t.5 ) 0 
2 10.5 be 10 is.o 15.5 q S 
3-3 14 16 17.5 16 22 20) 19 25 
4 ] t) t) } t)} ; {} t?} t} 
B 2? {) {) () {) {) {) {) () 
3 ; {} ) () {) } 1) { \} 
Readings are in mm : 
Partial inhibition 
DISCUSSION there seems to be little chance of direct correlation 


between substituent and activity 
rhe introduction of a nitro group into the 5-posi The effect and importance of vehicle in a study of 
tion of the furan ring confers upon that moiety anti potentially active agents is quite evident in this 
bacterial properties as has been shown by in vitro study. Had only one vehicle been chosen for the 
investigation of the fungistatic activity of the nitro- 


F furans, the maximum effect could have been over- 
the effects of substitution of a nitro group in the jooked There 


studies (1). The present study has further explored 


is obtained in the study a good cor 
furan ring and demonstrates the fungistatic effects relation between the type of vehicle and the degree 
present in these derivatives. In the small series of activity of the nitrofurans. “Greatest activity 
was displayed in those preparations having B-3 as 


selected for testing, the fungistatic activity is not as sa 
the vehicle There is little doubt even in the small 
universal as the antibacterial effects previously re 

series studied that B-3 is the superior vehicle and 
ported. Compounds I and VII exhibit good fungi the one of choice for incorporating nitrofurans in 


static activity, while compounds II, ILI, and I\ order to obtain their maximum antifungal proper- 
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ties. Much has been reported of late regarding the 
relationship of vehicle to activity and the resulting 
efficacy of medicinal preparations (3). This study 
demonstrates such a relationship. 

A characteristic of the nitrofurans is to extend 
their activity to all types of fungi studied when 
activity is found against one species. This activity 
is substantially the same against all fungi tested. 
Also, when there is little activity noted against one 
type the same finding is true in the case of other 


species. 
SUMMARY 


1. The fungistatic activity of some nitrofuran 
compounds has been studied by an accepted im 


vitro method. Two of these, 5-nitro-2-furfuryl 
methyl ether and 5-nitro-2-furaldehyde oxime, 
exhibited outstanding activity. 

2. There is no structural specificity noted in 
the compounds studied. 

3. The influence of vehicle upon the fungista- 


tic activity of some nitrofurans is pointed out. 
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Modified Assay Methods for Crude Drugs Involving 
the Removal of Interfering Substances by 


Enzymatic Digestion. 


I. Modified Assay 


Method for Colchicum Corm and Seed”* 


By A. J. ANDERSON,?{ LOUIS FISCHER,{ and LOUIS ARRIGONIS§ 


A modification of the N. F. VIII assay for 
colchicum corm and seed involving the en- 
zymatic digestion of interfering substances 
with pancreatin, and with ““Taka-Diastase”’ 
is described. This procedure was found 
to improve the official procedure by elim- 
inating emulsions, shortening extraction 
time, and yielding purer alkaloidal residues. 
The quantitative recovery of colchicine was 
comparable to the official procedure. 


T" METHOD of assay for colchicum corm and 

seed contained in the eighth revision of the 
National Formulary (N. F. VIII) (1) embodies 
several objectionable features which, if elimin- 
ated, would result in a more acceptable and ac 


curate procedure. The most obvious objections 


are: (a) the slow*filtration of the digested mix 


ture and the failure to obtain a clear filtrate: 
(b) the occurrence of quasi-permanent emulsions 
during the extraction of the lead-free filtrate with 


chloroform; (c) obtaining a relatively impure 
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chloroform extractive from which it is difficult 
to make a quantitative extraction of the col- 
chicine. 

In considering the possible causes of the above- 
mentioned objectionable features of this assay, it 
appeared that the slow filtration, emulsions, and 
impure alkaloidal residue might be due to the 
presence of the starch and tissue proteins. 

In order to test the validity of this hypothesis, 
the effect of the removal of these two substances 
by enzymatic digestion upon the official assay 
procedure was investigated, using ‘‘Taka-Dias- 
tase’’ and pancreatin (U. S. P.). 


EXPERIMENTAL 


The samples used in the experimental work con- 
sisted of one lot each of sliced colchicum corm and 
colchicum seed, both of which were purchased from 
the S. B. Penick Company. The corm samples 
were cleaned of all foreign matter and ground to a 
No. 40 powder. The seed was similarly inspected 
and reduced to a No. 30 powder 


Partial Proximate Analysis of Colchicum Corm 
and Seed 


A complete analysis of colchicum corm and seed 
was not considered necessary for the purpose of this 
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investigation, but it was felt that information 
should be obtained concerning the quantity of those 
plant constituents which might have some influence 
on the proposed assay procedures 

The necessary quantitative determinations were 
carried out according to the official methods of the 
A. O. A. C., fifth edition (2) and the results are 
tabulated in Table I 


TABLE I.—THE PERCENTAGE COMPOSITION OF 
Corcuicum CorRM AND SBED WITH RESPECT TO 
SEVERAL CONSTITUENTS 


Corm, % Seed, 
Moisture 8.16 9 74 
Starch 53 . 20 1.00 
Pentosans 2.68 2.36 
Nitrogen 1.45 2.18 
Nitrogen X 6.25 9.06 13.63 


Petroleum Ether Extract 0.62 10.51 


Assay of Colchicum Corm and Seed by the Of- 
ficial Method 


Prior to the investigation of the various modified 
assay methods, the colchicine content of both the 
corm and seed was determined by the official pro- 
cedure (1). These values were used as a basis for 
comparison with the amounts of the active ingredi- 
ent obtained by the various modifications involving 
the action of ‘‘Taka-Diastase’’ and pancreatin 
(U. S. P.). 

Five determinations were made on the corm and 
seed and the results recorded in Table II. 





TABLE II.—CotcniciINE CONTENT OF COLCHICUM 
CorRM AND SEED BY THE OFFICIAL METHOD 
Corm, % Seed, % 
Maximum 0.35 0.44 
Minimum 0.32 0.38 
Average 0.33 0.41 


Modifications of the Official Assay Method for 
Colchicum Corm and Seed by Enzymatic Di- 
gestion 


In the official procedure, the starch and proteins 
present in the drug were considered to be the pos- 
sible cause of the slow filtration and stubborn emul 
sions encountered. Since the elimination of these 
objectionable features would result in a more ef- 
ficient and accurate assay, enzymatic digestion as 
a means for removal of the probable causative fac- 
tors was resorted to 

“Taka-Diastase” Digestion of the Starch as a 
Modification of the Official Assay of Colchicum 
Corm and Seed.— The official method of assay was 
used for these determinations except for the follow- 
ing modifications: (a) The flask containing the 
sample and 290 cc. of distilled water first 
weighed and then immersed in boiling water for one 
hour with frequent stirring until the starch was 
completely gelatinized b) An excess of ‘*Taka- 
0.5 Gm.) in the form of a thick, 
aqueous suspension was added to the cooled con- 
tents, stirred, and maintained at 55° for two hours 
The resulting mixture was then cooled and made up 
to weight with distilled water. (c) Exactly 10 cc. of 
lead subacetate T. S. was added to the adjusted 


was 


Diastase’’ powder 
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mixture, allowed to starid with occasional stirring 
for twenty minutes, and then filtered into a dry 
flask, discarding the first 20 cc. of filtrate 

Negative tests for starch with iodine T. S. were 
obtained on all samples of corm and seed after dj- 
gestion with ‘‘Taka-Diastase’’ for two hours at 
Aliquot portions of the lead-free filtrates 
from the corm were entirely free of emulsions when 
extracted with chloroform. Similar aliquots from 
the seed, however, produced emulsions which sepa- 
rated out on standing. The final chloroform resj- 
dues were a uniform light yellow as compared to the 
orange-yellow color obtained with the official pro. 
cedure. 

The results of the individual determinations ap. 
pear in Table III. 


55°. 


TABLE III.—CoLcHICcCINE CONTENT OF CORM ANnp 
SEED BY THE ‘“‘TAKA-DIASTASE’’ MODIFICATION 


Corm, Seed, % 
Maximum 0.35 0 40 
Minimum 0.34 0.38 
Average 0.35 ) 39 


Pancreatin Digestion of Proteins and Starch asa 
Modification of the Official Assay of Colchicum 
Corm and Seed.—The following modifications were 
incorporated into the official method of assay: (a) 
The sample was transferred to a flask together with 
290 cc. of distilled water The mixture was then 
weighed and immersed in boiling water for one hour 
until all starch was gelatinized bh) To the cooled 
contents, an excess of pancreatin powder (0.6 Gm.) 
was added in the form of a thick, aqueous suspen- 
sion. This was stirred in well and allowed to digest 
for two hours at 37° to 40 The mixture was then 
cooled and made up to weight with distilled water 
c) Exactly 10 cc. of lead subacetate T. S. was added, 
the resulting mixture stirred occasionally for twenty 
minutes, and then filtered into a dry flask, discarding 
the first 20 cc. of filtrate 

The remainder of the assay was followed exactly 
as outlined in the official method 

Negative tests for starch with iodine T. S. were 
obtained on all samples of corm and seed after di- 
gestion with two hours at 37° to 
40°. Chloroform extraction of aliquot portions of 
the lead-free filtrates from the corm resulted in the 
formation of temporary emulsions together with 
small amounts of white precipitate. A sharp sepa- 
ration of the chloroform with total absence of both 
emulsions and precipitates was obtained on extrac- 
tion of all aliquots in the assay of the seed. The 
final chloroform residues in both the corm and seed 
assays were light yellow in color, darkening slightly 
on heating to constant weight at 100 

The indivjdual results obtained with this method 
are included in Table I\ 


pancreatin for 


TABLE I\ COLCHICINE CONTENT OF CORM AND 
SEED BY THE PANCREATIN MODIFICATION 
Corm Seed, % 
Maximum 0.35 0.40 
Minimum 0.34 0.38 
Average 0.35 0.39 
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A summary of the results obtained by the various 
modifications outlined above is reported in Table 
V. 


TaBLE V.— RESULTS OF THE COLCHICUM CORM AND 
Seep Assays AS MODIFIED BY ENZYME DIGESTION 














**Taka- Pan- 
Diastase”’ creatin 
Official Modifica- Modifi- 
Method, cation, cation, 
% % % 
Corm 
Colchicine 0.33 0.35 0.35 
Total extract 0.45 0.45 0.46 


Colchicine content 


of total extract 74.75 78.95 74.12 


Seed 
Colchicine 0.41 0.39 0.39 
Total extract 0.69 0.52 0.55 


Colchicine content 
of total extract 


59.38 74.84 72.01 


DISCUSSION 


Predigestion of the starch and protein content of 
the drug by enzyme action was found io be desir- 
able as a modification of the official procedure. With 
this method, the weighed sample was first immersed 
in boiling water to gelatinize the starch and render 
the plant cells more easily penetrated by the en- 
zymes. 

Experiments showed that removal of the large 
starch content of the corm by digestion with ‘“Taka- 
Diastase’’ not only promoted a fast filtration of the 
lead subacetate-corm mixture with a subsequent 
clear filtrate, but was also effective in preventing 
emulsions and precipitates during the extraction of 
the colchicine with chloroform. The use of pan- 
creatin as the digestive agent resulted in a slight 
degree of emulsification during the extraction proc- 
ess, but this was of slight duration and separated 
on standing. The possible cause of these emulsions 
was thought to be the presence of soluble protein 
impurities in the enzyme preparation used. The 
final results obtained in these assays of the corm 
were practically identical for the ‘‘Taka-Diastase”’ 
and pancreatin modifications, and both agreed 
closely with the official method. 

Several factors were considered before applying 
these procedures to the assay of the seed. Since 
it was shown by analysis that the seed contained 
only 1.00°; of starch as compared to 53.20% in the 
corm, the treatment of the former with ‘*Taka- 
Diastase’’ was not expected to lend materially to 
the elimination of emulsions 

The results obtained in the subsequent seed as- 
Says using this enzyme appeared to support such 
reasoning since ‘‘Taka-Diastase”’ action proved in- 
effective in preventing the formation of emulsions 
and precipitates during the chloroform extraction. 

The marked increase in protein content of the 
seed over that in the corm was also noted. Con- 
sidering that the seed was received whole and 
stored in an air-tight container immediately after 
grinding, it was assumed that these proteins were 
in large part undenatured. On the other hand, 
since colchicum corm is sliced and thoroughly 
dried for commercial use, the proteins in the pre- 
pared corm samples were considered to be de- 
natured and for the most part insoluble. This in- 


solubility would exclude these proteins from an ac- 
tive part in the formation of emulsions during the 
chloroform extraction of the colchicine aliquot, and 
would explain the efficiency of ‘‘Taka-Diastase”’ 
starch digestion in the corm assay. 

The possibility that the seed proteins might re- 
main in a soluble form even after the preliminary 
treatments required in the procedure could not be 
ignored. A sufficient amount of such soluble ma- 
terial could then be carried over to cause emulsions 
during the chloroform extraction. In order to pre- 
vent this, it was decided to utilize the proteolytic 
action of pancreatin to digest the protein in the 
sample before extracting with chloroform. 

In each of the succeeding seed assays in which 
this enzyme was employed, neither emulsions nor 
precipitates were encountered. This expected de- 
velopment was considered to be a decided improve- 
ment over the official method, and indicated that 
for the assay of the seed, pancreatin was the en- 
zyme of choice. 

Some thought was given to the advisability of 
defatting the seed sample before assay. Extraction 
of the ground seed with petroleum ether yielded 
10.51% of fixed oil, which value was thought suf- 
ficiently high to warrant consideration as a possible 
cause of the undesirable emulsions encountered in 
the official procedure. However, since there seemed 
little chance of a fixed oil being carried through the 
two initial precipitations in other than minute 
traces, it was decided to disregard this factor in 
order to keep the procedure as simple as possible 
in practice. 

The modifications of the official method employ- 
ing ‘‘Taka-Diastase”’ digestion of the corm and pan- 
creatin digestion of the seed proved simple to oper- 
ate. They not only effected a notable saving in 
time through the absence of emulsions and precipi- 
tate formation, but also yielded colchicine values 
which were consistent and in close agreement with 
the official results. The pancreatin modification 
of the official seed assay was particularly effective 
in producing a much purer colchicine extract. 


SUMMARY 


The official method for the assay of colchicum 
corm and seed was modified by the use of enzy- 
matic digestion of interfering components of 
these drugs. 

The procedures used appear to be, a distinct 
improvement over the official method, and col- 
chicine values obtained by these modifications 
were comparable to those obtained by the of- 
ficial procedure. 

The methods discussed in this paper and addi- 
tional modifications are being applied to the as- 
say of other alkaloidal drugs. A report of this 
work will be submitted for publication in the near 
future. 
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The Stability of Penicillin G Sodium in 
Aqueous Solution* 


By THOMAS J. MACEK, EDWARD J. HANUS, and BEATE A. FELLER# 


The results of a study of the decomposition 
mechanism of penicillin G sodium and par- 
tially-purified penicillin sodium are reported. 
Solutions of penicillin G sodium in water, in 
physiological saline solution, and in five 
per cent glucose solution are less stable than 
solutions of partially-purified penicillin sod- 
ium in the same solvents. A stabilizing effect 
is produced if solutions of penicillin G sodium 
are maintained within a neutral pH range by 
means of suitable buffers. 


T= PROBLEM of the stability of penicillin has 

passed through various stages. These have 
paralleled in general the standardization of pro 
duction methods, and in particular the attain- 
ment of products having a higher degree of pu- 
ritv. The low potency penicillin which was first 
available presented a real problem, in that the 
stability of the impure solid was highly variable. 
The stability varied not only with the nature and 
content of the extraneous material, but also with 
the moisture content. The latter factor was the 
more difficult to assess, inasmuch as the hygro- 
scopicity itself depended in large measure upon 
the the material. 
When the first highly purified crystalline peni 


composition of extraneous 
cillin was prepared, it was immediately evident 
that the stability. of the solid was c mspicuously 
greater than that of the impure amorphous ma 
terial (1, 2). Moreover, at relative humidities 


not exceeding 70 per cent, crystalline sodium 


penicillin was found to be non-hygroscopic (3) 
The degree of purification now attainable justi 
fies reporting kinetic studies for each of the several 
kinds of penicillin as a reproducible chemical 
entity. In the present paper, the results refer 
to crystalline penicillin G sodium (crystalline 
sodium benzvlpenicillinate 

[he stability of dry crystalline penicillin G 
sodium is sufficiently great that it no longer pre 
sents a practical problem. Losses in potency oc 
curring after storage of the solid at room temper 
ature for one year generally have been insignifi 
cant [The more important problem today is the 
stability of penicillin solutions, particularly since 
solutions of pure penicillin have been reported 
to be less stable than solutions of impure peni 
cillin (4-7 

* Received Feb. 12, 1948, from the Research Laboratorie 
Merck & Co., Inc., Rahway, N. J 

+ We are indebted to Dr. N. R. Trenner of the Research 
und Development Division for his interest in the investiga 
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manuscript 


In unbuffered solutions, the decomposition of 
penicillin is a complex autocatalytic reaction in 
which at least three products are known to be 
formed. In the initial stages the decomposition 
of neutral penicillin sodium to the sodium salt of 
with the 
introduction of an extra equivalent of acid, leads 


dibasic benzylpenicilloic acid (8-10), 


one to expect an increase 1n acidity and hence an 
The onset 
of other types of decomposition with the forma- 


autocatalytic rate of decomposition. 


tion of benzylpenicillenic and _ benzylpenillic 


acids, and probably other products, each pro- 
ceeding at its own rate complicates the effect ob 
served during the entire course of the decompo 
sition. In mildly acid solution (pH 4), benzyl- 
penicilloic and benzylpenillic acids probably pre 
dominate as the decomposition products. At 
about pH 4, benzylpenicilloic acid begins to lose, 


at an appreciable rate? a molecule of carbon di- 


oxide by decarboxylation, vielding benzylpenil- 


loic acid and the pH of the solution frequently 


begins to rise (11). On the basis of these chemi- 


cal reactions, the changes in pH of solutions to be 
described later and the complexity of their de 


composition pattern may be more easily ex 


plained 


EXPERIMENTAL 


During this investigation all solutions of penicil- 


lin were prepared under aseptic conditions by dis- 


solving sterile crystalline penicillin G sodium in 
sterilized solvents. During test periods, these solu- 
tions were stored at room temperature (23-27 “C) ina 
dark cabinet and in the refrigerator at 10°C In cer- 
tain experiments, elevated temperature were em- 
ployed as indicated. In all cases the solvent was 
adjusted to the temperature at which storage was to 


the 
Samples of solution wert 


be before dissolved 


aseptically removed at the 


conducted penicillin wa 
beginning of the test period and at frequent intervals 
thereafter for assay and pH measurement. Penicil- 


lin was determined by the agar cup method of Foster 


and Woodruff, using Bacillus subt as the test 
organism (12), and by Alicino’s iodimetric method 
as described by Mundell, et a 13 There was 
satisfactory quantitative correlation in assay values 
between these two method The stability of peni- 
cillin G sodium in buffered solutions was studied at 
approximately pH 6.0, which had previously been 


shown to be the optimum fH for penicillin stability 
\4 


Stability in Unbuffered Solutions.—In the initial 
experiments, the stability of solutions of crystalline 
penicillin G sodium was compared with the stability 
of solutions of partially-purified penicillin sodium 
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Sterile physiological saline solution was the solvent; 
the concentration was 5000 units per cc. The 
partially-purified penicillin sodium was a composite 
of samples from thirty-three individual lots and 
assayed 500 units per mg. The solution was 
sterilized by filtration. The solution of crystalline 
penicillin G sodium was prepared aseptically as out- 
lined above. Both solutions had an initial pH of 
6.0. Figure 1 shows that solutions of crystal- 
line penicillin G sodium are less stable than the 
solutions of partially-purified penicillin sodium. 
The removal of buffering substances during purifica 
tion of penicillin apparently contributes to the 
greater instability of solutions of highly purified 
penicillin (6 
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Fig. 1 Comparative stability of solutions of 
crystalline Penicillin G Sodium and partially -purified 
Penicillin Sodium at an initial concentration of 5000 
units/ec. A, eryst. Penicillin G Sodium, RT. B, 
cryst. Penicillin G Sodium, 10° C. C, P.P. Peni 
cillin Sodium, RT. D, P.P. Penicillin Sodium, 10 
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solutions of Penicillin G 
Changes in potency and 
B, 10°C 


Inasmuch as distilled water, physiological saline 
solution, and 5°; glucose solution are used clinically 
as solvents for penicillin, the stability of crystalline 
penicillin G sodium was studied in these solvents at 
a concentration of 20,000 units per cc. The stabil- 
ity of these solutions is illustrated in Figure 2. The 
stability of penicillin G sodium in unbuffered aqueous 
solution was not influenced by the presence of sodium 
chloride or glucose. The pH of these solutions de 
creased significantly during storage, paralleling in 
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general the decrease in penicillin activity. The 
slight increase in pH observed in solutions after 
storage at room temperature for four days is ex- 
plainable by the decarboxylation of benzylpenicilloic 
acid. 




















Room Temperature 10° C 
- 
0 —_—s ro 
~ 

O }» 
7 
5 oO; \ 
om . A 
x i a - 
~ \ _— 
5 20 pie 
ov \ 9 ~~ 

wa \ i: 

60 Xe ee 

80 ~ 

™ 
100 
0 l 2 3 0 5 10 15 20 25 30 
Time in Days 
Fig. 3.—Decomposition curves for unbuffered 


solutions of Penicillin G Sodium at different initial 
concentrations of Penicillin. A, 50,000 units per 
ce.; B, 20,000 units per cc.; C, 10,000 units per cc.; 
D, 5000 units per cc. : 








te se a eH ! 
I . \ lla 
20} \ 20 \ 4 
. \ " 
’ » X 
40 | X 
. N\A 
» 60 ‘ 
tf | ‘ 
S ' . , » 
Ss 028 KAO, —02 0 ode BUFFER 2 He, HPO, — 01m CITRIC ACID BUFFER 
0—— ————— So 
c \ “oe. \ ait ao 
C7) a 6 \ | 
Y 20; \& - \ =. 
| } | 
~ 40) 
| J 
| | | 
60 A A 
| | 
80 | \ | 
. | \ 
= porvee on " 
200 | ee ees, Sk Seipelienal 


0 14 28 42 56 0 14 28 42 56 
Time in Days 
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In order to determine in what way the initial 
concentration of penicillin influenced the stability, 
solutions of crystalline penicillin G sodium in 
physiological saline were studied at concentrations 
of 5000; 10,000; 20,000, and 50,000 units per cc. 
Assay and pH data for these solutions are summar- 
ized in Tables I-IV. 

At a given temperature, the decomposition curves 
for these solutions were practically identical, indi- 
cating that the decomposition of the penicillin was 
independent of the initial concentration. This is 
illustrated in Figure 3. The time required for 50% 
decomposition was the same for each solution at a 
given temperature. At room temperature, it was 
approximately 1.85 days, and at 10° C approximately 
sixteen days, but this relationship does not imply 
that the over-all decomposition of penicillin G sod- 
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ium proceeds as a first order react'on. The increase 
in pH previously described was again apparent in 
these solutions during storage at room temperature. 


Stability in Buffered Solutions.—The stability of 
crystalline penicillin G sodium was determined at 
a concentration of 20,000 units per cc. in the follow. 


TABLE I.—SraBILity oF Penici_tin G Sovrum IN PHYSIOLOGICAL SALINE SOLUTION AT 5000 Unrts Ce. 


ee 





~Room Temperature Storage, Units/Cc 10° C. Storage, Units/Cc - 
pH Agar Cup Iodine pH Agar Cup Iodine 
Initial Assay 5.91 4700 4600 6.00 5900 5700 
1 day 4.69 4000 4200 
2 days 4 20 2100 2100 5.57 5900 5200 
3 days 4.17 800 800 
4 days 4.39 300 5.20 5700 5500 
7 days 4.49 : 
8 days 4.83 4400 5200 
10 days 4.70 4100 4900 
15 days 4.38 3700 3400 
18 days 4 30 3000 3000 
22 days 3.99 2100 2000 
30 days 4 20 760 


TABLE II.—STABILITY OF PENICILLIN G SODIUM IN PHYSIOLOGICAL SAL 


INE SOLUTION AT 10,000 Untts/Ce, 








Room Temperature Storage, Units/Cc 10° C. Storage, Units/Ce 
pH Agar Cup Iodine pH Agar Cup Iodine 
Initial Assay 6.09 10,000 10,000 5.90 O00 11,200 
1 day 4.60 8,500 8,900 ‘ 
2 days +08 4,100 4,400 5.47 9900 10,500 
3 days 4.05 1,300 1,500 : 
4 days 4.20 390 5.22 9800 10,200 
7 days 4.45 ‘ 
8 days $70 ROOD 9.100 
10 days $53 R400) & 700 
15 days +. 25 500 5,200 
18 days +18 1200 +3200 
22 davs 4 11 2500 3,000 
30 days $13 1300 1,200 
! 
TABLE III STABILITY OF PENICILLIN C SopruM IN PHYSIOLOGICAL SALINE SOLUTION AT 20,000 Units /Ce | 
Room Temperature Storage, Units/Cc 10° C. Storage, Units /C« 
pH Agar Cup Iodine pH Agar Cup lodine 
Initial Assay 6.08 21,400 21,700 5.98 20,900 22,300 
1 dav 1 65 18,600 19,000 
2 days $05 ® 400 8,100 5 47 20,900 21.600 
3 davs 10 2 300 2.800 ; 
4 days $13 660 5.13 20,000 20,900 
7 days $.35 
8 davs + 40 17,700 18,900 
10 days + 46 16,700 17,100 
15 days $.35 10,700 11,100 
18 days $11 7,700 8,100 
22 days 106 $100 5.200 
30 days $05 1,900 2 400 


TABLE IV.—STABILITY OF PENICILLIN G SopIUM IN PHYSIOLOGICAL SALINE SOLUTION AT 50,000 Unrrs/Ce 


Room Temperature Storage, Units/Cc 10° C. Storage, Units/Cc 
pH Agar Cup Iodine pH Agar Cup Iodine 
Initial Assay 6.11 51,700 50,000 6.01 52,800 53,300 
1 day : 4. 62 44,000 46,300 
2 days +05 22 000 23,100 5.51 51,300 
3 days $+. 00 5,200 6,400 
4 days 4 10 1,300 5.19 53,200 
7 days $.31 
8 days + 62 $8,600 $5,800 
10 days $.43 39,600 10,300 
15 days $15 29 G00) 24,400 
18 days $11 21.600 18,300 
22 days 4 04 8.900 12,300 
30 days 1 O05 $100 5.400 
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SCIENTIFIC 


ing buffer solutions at pH 6.0: 0.2 M KH.PO,- 
0.2 M NaOH buffer, 0.2 M Na,HPO,-0.1 M citric 
acid buffer, and 0.066 M KH:PO,-0.066 M Nap- 
HPO, buffer. It was also determined in an aqueous 
solution containing trisodium citrate in an amount 
equivalent to 5% of the weight of dry penicillin, 
ie. corresponding to 0.002 M trisodium citrate 
when the penicillin concentration was 20,000 units 
perce. The stability of these solutions is indicated 
in Fig. 4. The stability of solutions of penicillin 
G sodium increased significantly when the pH was 
adjusted to the neutral range by the use of suitable 
buffers. Under these conditions, the period of 50% 
decomposition for the buffered solutions at room 
temperature was found to be approximately fifteen 
days as compared with approximately 1.85 days 
for unbuffered aqueous systems. At 10°C. approxi- 
mately 75°, of the original penicillin activity re- 
mained in the buffered solutions after fifty-six days 
of storage; in the unbuffered solutions 50°, of the 
penicillin activity remained after approximately 
sixteen days of storage. Trisodium citrate delayed 
the rapid decrease in fH, which was found to be 
characteristic of unbuffered penicillin solutions, and 
by this means improved their stability. This ef- 
fect was particularly noticeable in solutions stored 
at 10°C 

It has been reported (15, 16) that small amounts 
of suitable mixtures of NaH.PQ, and Na,HPO, re- 
tard the decomposition of penicillin in sterile aque- 
ous solutions, the stabilization probably being a 
specific phosphate ion effect. Using partially puri- 
fied penicillin of approximately 1000 units per mg. 
potency, the optimum phosphate concentration 
was found to be 0.005 M. Experiments similar to 
those reported performed with crystalline 
penicillin G sodium. Solutions corresponding to 
0.001 Wf, 0.005 M, and 0.010 M phosphate ion at 
pH 6.4-6.5 were prepared in physiological saline 
according to the following formulas 


were 


0.001 M 
8.500 Gm. 
0.083 Gm. 


Sodium chloride 
NaH,PO,H,O 
NaeH PO, (anhydrous 0.057 Gm, 
Distilled water. to make 1000 ce. 
pH 6.44 


Solutions containing 20,000 units of penicillin G 
sodium per cc. were prepared in these buffers. 
The stability of these solutions is illustrated in Fig. 
5 

The experiments were repeated with citrate buf- 
fers at pH 6.3, prepared according to the following 
formulas 


0.001 
Sodium chloride 8.5 
0.1 M Sorensen Citrate Solution! 10.0 
0.1 Jf NaOH solution 10.0 
Distilled water, to make 1000.0 
pH 6.30 


The stability of these penicillin solutions is indi- 
cated in Fig. 6 

10.1 M Sorensen Citrate Solution is a 0.1 M secondary 
sodium citrate solution prepared by dissolving 21.08 Gm. 


of crystalline citric acid in 200 cc. of CO2-free 1 N NaOH and 
enough distilled water to make 1000 cc 
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Fig. 5.—Changes in potency and pH in solutions 


of Penicillin G Sodium (20,000 units/cc.) containing 
different concentrations of phosphate ion. A, 0.010 
M PO,ion; B, 0.005 M PO,ion; C, 0.001 M PO, ion. 


The results substantiate the earlier findings that 
decomposition of penicillin solutions is delayed by 
the addition of small amounts of suitable mixtures 
of NaH-PO, and NaeHPO,, or mixtures of disodium 
and trisodium citrates. The stabilizing effect de- 
pends essentially on the puffer action of the phos- 
phate or citrate mixture in the neutral pH range and 
not on any specific ion effect. The stability of solu- 
tions of penicillin G sodium increases as the concen- 
tration of the buffer mixture is increased, as shown 
by the data in Table V. 

The presence of buffers in the neutral pH range, 
in every case, stabilized penicillin solutions as 
shown. When the buffering capacity of the system 


Phosphate Ion Concentration 
0.005 M 0.010 M 


8.500 Gm. 8.500 Gm. 
0.410 Gm. 0.828 Gm. 
0.280 Gm. 0.568 Gm. 

1000 cc. 1000 ce. 
6.49 6.49 


was insufficient to maintain a substantially constant 
pH during the progress of the decomposition, the 
pH of the solutions decreased to below 5.0 and the 
rate of penicillin decomposition increased. Ac- 
cordingly, studies were undertaken to determine the 
stability of penicillin G sodium in strongly buffered 
systems at a constant pH at several temperatures. 


Citrate Ion Concentration 
0.005 M 


M 0.010 M 
Gm. 8.5 Gm. 8.5 Gm. 
ce. 50.0 ce. 100.0 cc. 
ce. 48.5 cc. 97.0 cc, 
cc. 1000.0 cc. 1000.0 cc. 
6.30 6.30 


Solutions containing 5000 units of penicillin G so- 
dium per cc. in 0.1 M phosphate buffer and in 0.1 
M citrate buffer at pH 6.0 were stored at tempera- 
tures of 40° C., 55° C.,and 75° C. Samples of each 
solution were assayed at predetermined intervals. 
The assay data are summarized in Table VI. 
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It is interesting to note that the decomposition of been restricted by maintenance of a constant pH to 
penicillin G sodium is a complex reaction even in the decomposition of sodium benzylpenicillinate 
strongly buffered solutions. Had the mechanism into only one product, one might reasonably expect 

‘a first order reaction and hence a straight line on 
plotting log concentration versus time Che curves 
TABLE \ HALF-LIFE OF PENICILLIN G SODIUM jn Fig. 7 indicate that this is not the case and that 
IN WATER AND IN SALINE SOLUTIONS OF PHOSPHATI 


: there is an induction period during which the de- 
AND CITRATE IONS 
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composition of penicillin proceeds at a slower rate 
than it does subsequently. Such a behavior may be 
explained by either of two reaction mechanisms. 
The first of these involves the formation from the 
sodium benzylpenicillinate molecule of a primary re- 
action product possessing such properties that it 
cannot be distinguished from its precursor by either 
of the analytical methods employed. Some at- 
tempts to get direct evidence for the formation of 
such an intermediate have prowed negative (11). 
The second, and probably more plausible, explana- 
tion involves the formation of a decomposition prod- 
uct which can react with sodium benzylpenicillin 
ate giving rise to an autoaccelerated decomposition 
as observed. Brodersen (17) has recently advanced 
a similar hypothesis which involves the addition of 
hydrogen to the ring nitrogen of the penicillin 
molecule to form an intermediate compound which 
is subsequently inactivated. 


SUMMARY 


1. Solutions of crystalline penicillin G sodium 
were found to be less stable than solutions of par- 
tially purified penicillin sodium. 

2. Kinet 


studies show no significant dif 
ference in the stability of penicillin G sodium in 
water, in physiological saline and in 5°% glucose 
solution. The decomposition of penicillin G 
sodium in unbuffered solutions is independent of 
the initial pemicillin concentration and proceeds 


asa comple X autocatalytic reaction 


9 


3. The addition of suitable buffers in the 
neutral pH range, produces a stabilizing effect 
There is no 
indication that this stabilization is a specific 
ion effect. 

4. Maintaining a constant pH by means of buf- 


on solutions of penicillin G sodium. 


fers in solutions of penicillin G sodium functions 
to decrease the rate of decomposition, but the 
decomposition mechanism remains complicated. 
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Coghill, R. D., 


A Porcelain Mold for Aseptically Preparing 
Agar Cup-Plates* 1 


By ALBERT F. GUITERAS 


b kes agar cup-plate method (1) for determin- 

ing the bacteriostatic properties of liquids 
and ointments was developed before the advent 
of sulfa drugs, penicillin, and other antibiotics. 
The Oxford cup method for penicillin assays (2) 
is essentially a modification of the agar cup-plate 
method, glass cylinders being used as cups be 
cause of the difficulty in aseptically forming mul 
tiple, uniform cavities in the agar. An ingenious 
sterile technique for accomplishing this was given 
by Christian and Neuroth (3). 

No object imbedded in solid agar can be re- 
moved without danger of cracking the agar, un- 
less it is tapered to allow access of air into the cav- 

* Manufactured and sold by Fisher Scientific Company, 
Pittsburgh, Pa., under the name ‘‘Fisher-Guiteras Antibiotic 
Cavity Mold.’ 


t Received Jan. 30, 1948, from Foster D. Snell, Inc., 29 
West 15th St., New York 11, N. Y 


ity as it is removed. Thus a cylinder, cube, or 
parallelepiped will form an airtight seal, whereas 
a cone, pyramid, or hemisphere will not. This 
principle has been applied in making a porcelain 
mold for simultaneously forming six uniform 
cavities aseptically in an agar plate. 

A porcelain Petri dish cover is molded accord- 
It is made to fit standard 9-cm. 
Six protrusions in the shape of 


ing to Fig. 1. 
Petri dishes. 
rounded truncated cones are equidistantly spaced 
around the center. The entire mold is treated 
with silane to make it permanently water resist- 
ant. The mold is washed thoroughly with soap 
and water, rinsed, and placed without drying as 
Steriliza- 
tion can be accomplished either in a dry air oven 


a cover on a clean empty Petri dish. 


or in an autoclave. When cool, the cover is 


» 


raised, about 25 ml. of melted agar containing 
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Figure | 





») 


Figure 


Staphylococcus aureus or any other suitable test 
organism is poured into the dish, and the porce 
When 
the agar has hardened, the porcelain mold is re- 


lain mold replaced on the dish as a cover. 


moved and immediately replaced with a sterile 
Petri dish cover. The agar plate contains six 
uniform cavities formed by the protrusions of the 
mold imbedded in the agar. In penicillin and 
other antibiotic assays, 0.1—ml. portions of dif- 
ferent dilutions of the unknown and of a standard 
are placed in different cavities and the zones of 
inhibition of growth of the test organism are 
compared after suitable incubation. Figures 2 
and 3 show the zones of inhibition of S. aureus 
obtained with 0.1-ml. portions of penicillin con 


taining 0.25, 0.50, 0.75, 1.00, 1.25, and 1.50 units 





Figure 3 


per ml., respectively, starting at the bottom and 


going clockwise. Figure 2 shows the plate under 
reflected light, whereas Fig. 3 shows the same 
plate under transmitted light. 

Removal of the mold from the hardened agar is 
quite easy after a little practice. The simplest 
way is to invert the Petri dish and mold, placing 
them on a table, with the porcelain mold on the 
bottom. The dish 1s then pried loose from the 
mold, care being taken to insure seepage of air 
into all six cavities in the agar before removal of 
the Petri dish from the mold. If done in this 
manner, the cavities are perfect and the agar does 
The 
clear the bottom of the Petri dish by ! 


not crack. ends of the truncated cones 
inch, 
thereby leaving this thickness of agar on the bot- 
tom of each cavity. Since the mold is treated 
with silane! the protrusions are not wet by the 
agar. This enables the mold to be removed more 
readily from the hardened agar and leaves the 
edges of the cavities perfectly flat, due to the fact 
that no meniscus is formed by the melted agar in 


contact with the cones. 
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1 A mixture of chlorosilanes manufactured and sold by the 
General Electric Co. under the name “‘Dri-Film.’’ If the 
molds on repeated sterilization lose their water repellency 
they may be reactivated by treating with a solution of “‘Dri 
Film” in a suitable solvent such as alcohol or acetone, and 
allowing the solvent to evaporate at room temperature 
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The 


Determination of Residues of App 


lied 


Phospholipids and Sodium N-Alkyl Sulfates 
on Rat Skin Using Radioactive Tracers” 1 


By R. K. THOMS, L. D. EDWARDS, and J. E. CHRISTIAN? 


By the use of radioactive tracers the residues 

of phospholipids and sodium alkyl sulfates 

applied to rat skin have been determined. 

e techniques employed are described and 
the results obtained are tabulated. 


ae TIVE tracer techniques offer a means 
by which the skin-residue of soaps and the 
skin-residue of components of soaps can be 
accurately determined. Such determinations 
would obviously aid in the scientific evaluation 
of the use of superfats in soaps, and would be 
helpful in the study of skin irritation by deter- 
gents. 


EXPERIMENTAL 


(A) The Determination of Residues of Applied 
Phospholipids on the Skin of the Albino Rat 


Materials Used.—_I. A crude phospholipid con- 
taining labeled P** was used as a superfat. It was 
prepared by administering radioactive phosphorus 
to rabbits by intraperitoneal injections of 2 cc. of a 
solution containing 0.0576 Gm. of KH.PO, per cc. 
with an initial radioactivity of 10* counts per minute 
per cc. as determined by a Geiger-Miiller tube of a 
thin aluminum wall construction. Such injections 
were given once every twelve hours for 3 injections. 
The animals were sacrificed by blows on the head 
twelve hours after the last injection, and the lungs, 
livers, and kidneys were removed. The organs 
were then pooled and minced in a Waring Blendor. 
The minced tissues were, in turn, dried by extraction 
with three volumes of acetone. After complete 
removal of the acetone by filtration and evaporation 
in air at room temperature, the dried tissue was ex- 
tracted with anhydrous ether overnight. The 
ether extract containing the phospholipids was evap- 
orated to one-third its volume under reduced pres- 
sure at room temperature. Sufficient acetone was 
then added to the concentrated ether extract to pre 
cipitate the phospholipids. Further purification 
was effected by redissolving the phospholipids in 
ether and again adding an excess of acetone. The 
precipitate freed from acetone and ether was stored 
in a tightly stoppered Pyrex bottle placed in the 
freezing compartment of a refrigerator. The pre- 
cipitate possessed properties similar to a phospho- 





* Received March 3, 1948, from the School of Pharmacy, 
Purdue University, Lafayette, Ind 

Presented before the Subsection on Pharmacy, American 
Association for the Advancement of Science, Chicago meet- 
ing, 1947, 

t This work was made possible through the research fel- 
lowship established by the Andrew Jergens Company, Cin 
cinnati, O 

t We are indebted to Mr. D. J. Tendam of the Physics 
Department of Purdte University for assistance with the 
Meaguring instruments used in this research. 


lipid extract said to contain chiefly lecithin, cepha- 
lin, and sphingomyelin (1). The preparation was 
assayed for radioactivity when in solution and ready 
for use in an experiment. 

II. A 0.1% solution of a commercial soap to 
which was added 0.1% radioactive phospholipid 
was used as an approximation of a superfatted soap 
solution. 

III. The superfatted soap solution was applied 
to the skin of the Albino rat (Wistar strain) from 
which the hair had been removed by a barium sulfide 
depilatory. In all cases a three-day recovery period 
was allowed before use. 

IV. Radioactivity was determined by the Geiger- 
Miiller counter. 

Method.—Each rat in Group 1 was anesthetized 
with chloroform and laid dorsally on a wire holder. 
The superfatted soap solution was applied to the 
denuded skin of the abdomen by means of a satu- 
rated cotton swab passed back and forth 25 times. 
The rat was then sacrificed by the administration of 
more chloroform, and a skin sample 13.5 sq. cm. 
in size removed (determined by a rigid form). 

The skin samples were placed in small glass cups 
to which a few drops of 20% sulfuric acid were 
added. The samples were then charred by heating in 
an oven at 150° followed by incineration to a white 
ash by heating in a muffle furnace at 500°. This ash 
containing the radioactive phosphorus was assayed 
for radioactivity by means of a Geiger-Miiller 
counter tube of thin aluminum wall construction. A 
background determination was made by taking the 
average of 10 consecutive one-minute counts. This 
was subtracted from the average of 10 consecutive 
one-minute counts taken for the radioactivity of the 
skin sample to give the counts per minute of the 
skin sample. 

The rats in Group 2 were treated in the same 
manner as those in Group | except that after the 
soap-phospholipid preparation had been applied the 
skin was rinsed with distilled water delivered from a 
wash bottle for ten seconds. 

The rats in Group 3 were treated in the same man- 
ner as those in Group 2 except that after the skin 
was rinsed, it was dried by passing a cotton swab 
back and forth over the skin surface 25 times. 

The average of the radioactivity in counts per 
minute of three 0.1-cc. samples of the soap-phos- 
pholipid preparation was converted to counts per 
minute per mg. of phospholipid. This value was 
then used to calculate the amount of phospholipid 
on the skin sample. When the time of the deter- 
mination of the radioactivity of the soap-phospho- 
lipid preparation differed from the time of the deter- 
mination of the radioactivity of the skin samples by 
more than twenty-four hours, a correction was made 
for radioactive decay using the radioactive decay 
equation J = Jope~™ (J = the radioactivity after 
time, in hours, ¢; J) = initial radioactivity; k = 
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constant characteristic of the radioactive isotope 
which for phosphorus is 0.00202; values for e may 
be found in the ‘‘Handbook of Chemistry and 
Physics,”’ p. 142, Chemical Rubber Publishing Com 
pany The milligrams of phospholipids on the skin 
sample were then converted to micrograms per sq 
cm. by dividing by the size of the skin sample in 
sq. em. (13.5), and multiplying by 1000 

The amount removed by rinsing was obtained by 
subtracting the amount remaining after rinsing 
from the amount of phospholipid applied. The 
umount removed by drying was obtained by sub 
tracting the amount remaining after drying from 
the amount remaining after rinsing. The amount 
removed by rinsing and drying was obtained by 
adding the amount removed by rinsing and the 
umount removed by drying. The per cents were 
calculated on the basis of the amount applied being 
LOO per cent 


Results.—The results are given in Table I 


ABLE I.—AVERAGES OF THE RESULTS (40 ANIMALS 

UsepD FOR EACH VALUE) FOR THE DETERMINATION 

OF THE AMOUNTS OF PHOSPHOLIPID REMAINING ON 

Rat SKIN AFTER APPLICATION IN A SOAP-PHOS 

PHOLIPID PREPARATION AND REMOVAL FROM THE 
SKIN BY RINSING AND DRYING 


Standard 
Phospholipid Cm.? Error 


Applied ‘ 58 #1) 13 100.0 
Remaining after rinsing 0.62 +0.035 13.8 
Remaining after drying 0.29 =() 023 6.6 
Removed by rinsing 3.96 86.2 
Removed by drying 0.33 tum 
Removed by rinsing and 

drying $29 93.4 


(B) The Determination of the Amounts of a 
Series of Sodium n-Alkyl Sulfates Remaining on 
Rat Skin 


Materials used.—I. A 
alkyl sulfates including sodium octyl sulfate, sodium 


series of sodium n 
decyl sulfate, sodium lauryl sulfate, sodium myristyl 
sulfate, sodium cetyl sulfate, and sodium stearyl 
sulfate was prepared by the Department of Phar 
maceutical Chemistry, School of Pharmacy, Purdue 
University, by the action of sulfuric acid containing 
radioactive sulfur on the corresponding fatty alco 
hol and subsequent neutralization by sodium hy 
droxide 

II. The alkyl 


molar solutions (2) 


sulfates were used is 0.0225 


The balance of the materials are described in 
Part A 
Method. 


is described in Part A are (a 


The exceptions to the general method 
i skin sample of 6.25 
sq. cm. was used, (+) two drops of 1% sodium hy 
droxide were added to the skin samples before ashing 
to prevent loss of sulfuric acid in the ashing process, 
c) the ash was spread evenly on the bottoms of the 
cups by the addition of distilled water to the ash and 
subsequent evaporation to dryness, (d) three 0.1-cc 
samples of each solution used were ashed and the 
average of their radioactivity at the time of a com 
parison with a skin sample was used as a standard to 
calculate the amounts of alkyl sulfate in the skin 
sample, (¢) all assays for radioactive sulfur were 
made with a Geiger-Miiller tube having a thin mica 
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window, (f) the results of all of the experiments 
ysing radioactive sulfur were multiplied by a mass 
absorption factor obtained by dividing the mean of 
ten soap samples without skin by the mean of ten 


soap samples with skin, i.e., 1.0891. ° 


Results.-The results are given in Tables II and 
Ill 
TasBLe III 


reported (0.29 microgram/cm.?) must be greater 
than that which could be obtained with a commercial 
superfatted soap. Normal surface lipids on the 
rat skin have not been determined. Such values for 
the forehead of the human are from 0.05 mg. to 
0.5 mg./cm.? calculated as cholesteryl stearate (3). 

It appears from the amounts of the sodium n- 


AVERAGES OF THE AMOUNTS (30 ANIMALS USED IN EACH DETERMINATION) OF Soprum N- 


ALKYL SULFATES REMAINING ON THE SKIN AFTER APPLICATION AND REMOVAL BY RINSING AND DRYING 


Sodium Sodium 


Octyl SO« Decyl SO, I 

Applied 33.8 + 3.20 41.1+3.02 40 
Present after rins 

ing 2.40.22 5220.28 7 
Present after rins 

ing and drying 1.4+ 0.10 10 +047 5 


(C) The Accumulative Effect of a Number of 
Washings on the Amount of Sodium Lauryl 
Sulfate Remaining on the Skin 


A 0.225 molar solution of labeled sodium lauryl 
sulfate ipplied 
drying five successive times to the depilated ab 
domens of 30 rats The means of the amount of 
sodium lauryl sulfate remaining on the skin 
7.9 + 0.57 and after multiplication by the mass ab 


was ind removed by rinsing and 


was 


sorption factor this would give a value of 8.6 micro- 
The amount of sodium lauryl 
skin after one treatment 
was Thus,. 3.1 
grams accumulated after five washings 


grams per sq. cm 
sulfate re 


5.5 micrograms per sq 


maining on the 


cm micro 


(D) The Determination of the Effect of Rinsing 
with Hard Water on the Amount of Sodium 
Lauryl Sulfate Remaining on the Skin 
The tap water used had a total hardness as CaCO 

of 300.96 parts/M The amount of sodium fiauryl 

sulfate removed by rinsing with tap water and dry 
ing was 86.6°> as compared with 87.5°7) using dis 
tilled water 


(E) The Determination of the Amounts of So- 
dium Lauryl Sulfate Remaining on the Skin 
After Application in Various Dilutions, and 
Removal by Rinsing and Drying 
The concentrations of solutions used were 0.0225 

molar, 0.0124 molar, and 0.00225 molar The per 

cents removed by rinsing and drying were, respec 
ind 82.8°, 


tively, 87.5‘ 


qy ()¢ 


DISCUSSION 


The ratio of superfat to soap in the experiments 
of Part A (1:1 
commercial soaps (1 


was much higher than that used in 
50 to 1: 100 This was neces- 
sary because of the low radioactivity of the biologi 
Hence, the 


cally produced phospholipids residue 





Sodium Sodium Sodium Sodium 
auryl SOs Myristyl SO, Cetyl SO. Stearyl SO, 
4+0.99 41.2+=1.56 45.12#1.13 31.6 = 1.08 
7+0.60 6.6+0.42 4.74045 5.20.45 
1+ 0.41 4$5+0.38 2.620.119 2.9+0.15 


alkyl sulfates remaining on the skin that the residue 
after rinsing and drying is not related to the amount 
applied but rather to the surface properties of the 
compound. Dreger and his co-workers (4) have 
concluded that the compounds in the middle of 
such a series as used have the greatest surface ac- 
tive properties, and it was in this area that the 
greater residues were obtained. 


CONCLUSIONS 


1. Methods have been developed for the de- 
termination of the amounts of a detergent or the 
amounts of an ingredient of a detergent prepara- 
tion remaining on rat skin after application and 
removal by rinsing and drying. 

2. The amount of a superfat remaining on the 
rat skin when applied in the form of a superfatted 
soap and removed by rinsing and drying is very 
small (0.29 microgram /cm.?), 
n-alkyl 
highest surface activity give the greater rat skin 


3. Sodium sulfates possessing the 


residues. 

+. Tap water is nearly as effective as distilled 
water in removing sodium n-alkyl sulfates. 

5. There is little accumulation of sodium n- 
lauryl sulfate on the skin after repeated applica- 
tions and removal by rinsing and drying. 
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The Use of a Microcrystalline Wax in 
Tablet Polishing. II* 


By W. CARL KELLEY 


A microcrystalline wax, known as “‘Bareco 
190 Wax,” produced a satisfactory polish on 
brown-coated tablets, in a 15 per cent suspen- 
sion in carbon tetrachloride when 0.75- 
1.00 per cent of ““Tween 80” was added. Un- 
satisfactory results were obtained when the 
powdered wax or a melted wax was used. 


T= PREVIOUS study on the use of micro- 

crystalline waxes invoived the use of a prod- 
uct having a melting point of 170° F. which is 
produced by the Bareco Oil Company of Barns- 
dall, Oklahoma. This product is furnished in 


slabs. The same company produces a micro- 


crystalline wax that has a melting point of 190° 
F. and it is a white powder. It was thought that 
perhaps this powdered product would be easily 
adapted for polishing coated tablets, so this in- 
vestigation was undertaken. 


EXPERIMENTAL 


The waxing drum consisted of a 4000-ml. beaker, 
fixed at an angle of 45°. It could be rotated at the 
rate of 22 r. p. m. Five hundred brown-coated 
tablets, the same as used in I (1) were used for each 
test. 

An attempt was made to use the powdered wax 
directly by adding 1 Gm. to the 500 tablets and 
rotating the drum. The tablets had some gloss at 
the end of thirty minutes but were ‘‘specked”’ with 
particles of the powdered wax. The coating did not 
improve after 105 minutes so that the use of the 
powder was considered to be unsatisfactory 

The wax was next melted and applied to the sur- 
face of the rotating drum. Another lot of tablets 
was placed in it and rotated for a period of two hours 
without a*satisfactory polish. Since the wax was 
apparently too hard, a second trial was made by re- 
placing it witk a blend consisting of 10% 170° wax 
and 90% 190° wax. A wax coating was obtained 
but the luster was not suitable. 


* Received April 15, 1948, from the College of Pharmacy, 
Ohio State University, Columbus, Ohio 


A 15% suspension of the ‘“Bareco 190 Wax” in 
carbon tetrachloride was prepared and 5 ml. of jt 
was added to 500 tablets, by spraying, while rotat. 
ing. A fair gloss was obtained within thirty minutes 
but it did not improve with an additional hour of 
rotation in the drum. 

A surface active agent, ‘““Tween 80,” which js 
manufactured by the Atlas Powder Company of 
Wilmington, Delaware, was next added to a 15% 
suspension of the wax in carbon tetrachloride. One 
per cent of added ‘‘Tween 80,” together with a small 
amount of talc, produced a good gloss in fifteen 
minutes. Other percentages were tried and it was 
found that the 0.75% of the ‘“‘Tween 80” compared 
favorably with those obtained when 1% was used 

The inclusion of the ‘‘Tween 80” in the polishing 
formula caused the wax coating to be removed more 
quickly when the tablets were placed in water 
This was determined by placing 10 tablets that were 
polished with a mixture containing ‘‘Tween 80,” ing 
cylinder of water, simultaneously with 10 tablets 
polished without it. The brown coating appeared 
more rapidly in the water containing the tablets 
that had been polished with the ‘‘Tweeen 80” con. 
taining formula. 


SUMMARY 


By using the method described and the com 
paratively small number of tablets, a satisfac. 
tory polish can be obtained on coated tablets by 
using a 15 per cent suspension of ‘“‘Bareco 190” 
microcrystalline wax in carbon tetrachloride 
which contains between 0.75 per cent and 1 per 
cent of “Tween 80.” 

It is known that the number of tablets and 
the character of the coating have appreciable ef- 
It is hoped that 
this work can be extended to obtain data of this 
nature. 


fects on the polish obtained. 
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The Synthesis and Study of Some Mercurated 
N-Allylbarbital Derivatives* 


By ALFRED HALPERN,}{ JAMES W. JONES,} and E. G. GROSS§ 


The synthesis and structure of N-allylbar- 
bital were investigated. The experimental 
results indicated that the derivative obtained 
by direct alkylation of the metallic salt of 
barbital was substituted on the nitrogen in 
the 1 or 3 position. The tautomeric isomer 
was not obtained by any of the methods uti- 
lized. N-allylbarbital was mercurated by 
mercuric acetate in the presence of an alcohol. 
The reactions of the mercurated compounds 
were investigated and the structure of these 
compounds established. 


—_— TYPE” mercurials possess a com- 
mon structure in that they consist of a 
cyclic system containing a solubilizing group and 
a mercurated side chain joined to the molecule 
through an amide linkage (1). N-allylbarbital, 
when mercurated, satisfies the theoretical re- 
How- 
ever, N-substituted barbiturates have been re- 


quirements of the mercurial diuretics. 


ported to possess antidiuretic properties (2). It 
was of interest, therefore, to prepare some mer- 
cury derivatives of N-allylbarbital and deter- 
inine their biological activity. 

The synthesis of N-allyl, 5,5, diethyl barbituric 
acid has been reported (3, 4). However, disub- 
stituted barbituric acid derivatives are said to be 
therefore, should yield two 


tautomeric and, 


types of derivatives. The ether derivative from 
the enol-lactim form, when mercurated, would 
not satisfy the theoretical requirements of a mer- 
curial diuretic, while the keto-lactam derivative 
would. 

A review of the literature revealed a marked 
difference of opinion as to the structure of the 
salts of barbituric acid derivatives. Some au- 
thors favor the imido form while others favor the 
enol form. Beilstein (5) refers to the sodium salt 
as a nitrogen derivative or its desmotrope. There 
is no reference in the literature to a 2-, 4-, or 6- 
alkyl derivative resulting from the direct alkyla- 
tion of the alkali salts of barbituric acid. The 
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products obtained as a result of this reaction 
have been shown to be identical with those pre- 
pared by the reaction of the appropriately sub- 
stituted malonic ester and the corresponding 
alkyl substituted urea. 


EXPERIMENTAL 


Preparation of N-Allylbarbital.—One-half mole 
of barbital was dissolved in exactly one molar 
equivalent of sodium hydroxide solution. One 
equivalent of allyl chloride’ was added and the mix- 
ture refluxed for two hours. The mixture was then 
cooled to room temperature. An oil separated to 
the bottom of the flask and hardened to a crystalline 
mass on standing overnight. The solid was filtered 
off, dried, and purified by recrystallization from 
dilute alcohol. -The white, crystalline material 
melted at 74.5°. Yield: 42% of the theoretical. 
Nitrogen: calculated 13.3%; found 13.25%. The 
yield was increased to 72% when 0.5 Gm. of copper 
powder was added to molar equivalents of barbital, 
sodium hydroxide, and allyl chloride and the mixture 
treated in the above manner. Copper sulfate had 
little or no effect on the yield. 

N-Allylbarbital was also prepared as follows. 
Twenty-nine and two-tenths Gm. (0.1 mole) of 
silver barbital was stirred in 500 cc. of distilled 
water in a flask fitted with a reflux condenser. 
Nineteen and four-tenths Gm. (0.25 mole) of allyl 
chloride was added slowly over a period of twenty 
minutes. The mixture was then heated to reflux 
temperature for two hours, stirring continuously. 
It was then cooled to room temperature and ex- 
tracted with five 25-cc. portions of ether. The 
ether was evaporated off and the residue recrystal- 
lized several times from dilute alcohol. The white 
crystalline solid melted at 74.5°. Yield: 72% of 
the theoretical. 

N-Allylbarbital was prepared by a third method 
by placing 20.6 Gm. (0.1 mole) of barbital sodium 
in a three-neck flask fitted with a reflux condenser, a 
mechanical stirrer and containing 117 Gm. (1.5 
moles) of allyl chloride. The mixture was stirred 
continuously and heated at reflux temperature for 
four hours. It was then cooled and filtered. A 
quantitative yield of sodium chloride was obtained 
The excess allyl chloride was removed by distillation 
and the residue recrystallized several times from 
dilute alcohol. The purified solid melted at 74.5. 
Vield: 78% of the theoretical. The yield was in- 
creased to 83% by adding 0.5 Gm. of copper powder 
to the reaction mixture and to 87% when fresh silver 
hydroxide was used as a catalyst. 

The products obtained by the above methods were 
identical with the prcduct obtained by the reaction 
between allylurea and diethylmalonic ester, which 
indicated that substitution took place on nitrogen 
in all cases. 


1 Supplied by Shell Oil Company, California. 
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Mercurated Derivatives of N-Allylbarbital. 
The reaction between mercuric acetate, an alcohol 
and an olefinic group is well known since several 
mercurial diuretics are prepared by this reaction, 
some modifications being introduced to obtain the 
appropriate However, the 
question of the structure of such compounds has 
rhe basic problem of whether the 
reaction products are molecular complexes (9, 10 
or tru 


compounds (6-8 
been debated 
compounds (11, 12) has been investigated 
rhe consensus of opinion seems to agree that they 
iddition Adams, and 
Sperry (11 experimental evidence to 
sustain the reasoning that they are true compounds 
An exhaustive 
was beyond the scops 


are compounds Roman, 


introduced 


study of this particular controversy 
How 
ever, since most of the studies concerning the struc 
ture of the the of the 
olefins and ole fini 


of this investigation 


compounds and mechanism 


reaction were made on not on 


amides, it was important to apply some of the pre 
The mechanism by 
alcohol 
i. problem closely allied 
structure of the resulting compounds 
ilcohol fragment 
important consideratiéns 
Exte 


have been made by 


vious work to our compounds 
which mercuri 
add to the 
to that of the 
The m 
one of the 


icetate and an fragment 


double bond 18 
unner in which the idds is 
i mech 
investigations of 


such 


nism must explain nsive 


this mechanism other investi- 


rators (11-15 
TABLE | N-(2-R-3-ACETOXYMERCURIPROPYI 
BARBITAI 
H Analy 
k M.S Ca i I 
Methoxy Q7 191 (dee 38.98 38.81 
Ethoxy ss LSS (dec 34.94 1.92 
Propoxy Q4 173 (dec 1 OH i S84 
Isopropoxy 83 Softened ibove 36 906 aA, 5 
140 155 (dec 
Isobutoxy 10 §6Softener it 6.0 4 OO 
128 138 (dec 
Butoxyv be Softened and d 
composed it 3 4.905 


Mercuration of N-Allylbarbital..-In a one-liter, 
placed 20.9 Gm. of -allyl 
barbital in 250 cc. of reagent alcohol (methyl, ethyl, 
propyl, isopropyl, or n-butyl The 
heated to boiling and to the 


round-bottom flask was 


mixture was 


boiling solution w 


idded a solution of 31.87 Gm. of reagent mercuri 
icetate in 250 cc. of the same alcohol containing 2 
ce of glacial acetik icid A precipitate formed 
immediately but redissolved on continued heating 


ind 
Phe 


solution was tested for mercuric ions by treating a 


The mixture was cooled to room temperatur: 
illowed to stand for twenty to thirty hours 


10)¢ 


sample with 1 sodium hydroxide solution which 


iny unreacted 


The 


is indicative of 


precipitated mercuric 10ns as mer 
was taken 
iction. At the 
end of the indicated period, the excess solvent was 
ssure, I 


This was stirred 


curic oxide ibsence of mercuric ion 


i fairly complete re 


thick, 


5OO ec. of 


removed under reduced prt iving a 


plastic material with 


ether and 200 cc. of low boiling ligroin rhe plastic 
rystallized in the case of the 


methyl, ethyl, 


il soon 


materi lower 


ilcohol derivatives ind n-propyl 


The isopropyl and isobutyl derivatives did not crys. 
tallize, but on removal of the solvent, hardened to 
a glass like solid. The mercurated derivatives were 
purified by recrystallization from ethanol-ligrojp 
mixtures Che n-butanol derivative was obtained 
in an 8% yield only after standing for three weeks 
Difficulty in obtaining a butoxy derivative has been 
noted by Schoellar, ef al 14), in a study of the 
merturation of However, the by. 
toxy behaved in the 
same manner as the lower homologs. Yields, melt. 
ing points, and analyses are given in Table I 


cinnamic acid. 


derivative, once obtained, 











Reactions of Mercurated N-Allylbarbital.—Mer. 
curated N dlylbarbital was soluble in one equivalent 
of sodium hydroxide solution. It was precipitated 
is the hydroxymercurial by carbon dioxide and 
icetic acid It was also soluble in alcohol ind chloro. 
form, slightly soluble in acetone or ethyl acetate 
ind insoluble in water, ether, benzene, and hexane 
All attempts at the preparation of a sodium salt 
failed 

rhe mercurial diuretics in therapeutic use at the 
present time are hydroxymercuri derivatives. The 
wcetoxymercuri compounds were therefore converted 
to the hydroxymercuri derivatives by treatment 
with sodium hydroxide solution and precipitating 
the hydroxymercuri compounds by careful neutrali. 
zation with acetic acid (14 It was also found that 
the conversion could be effected by boiling th 
acetoxy compounds with water for one hour or by 
illowing the acetoxy compounds to stand in the 
presence of water t room temperature for several 
hours The rate of conversion by the latter 
metho i hown on Figure | rhe first tw 

i | 
' 
> 
} 
| 4 a é 4 28 
HOURS AT ROOM TEMPERATURE 
Fig. | Controlled Hydrolysis of N-(2-Methoxy 
3-hydroxymercuripropyl) barbital 
methods gave from 93 to 100 yields of the hy- } 
droxymercuri compound rhe hydroxymercur 
or the acetoxymercuri derivatives were easily con- 
verted to the chloromercuri or bromomercuri com 
pounds by treatment with sodium chloride or po 
tassium bromide solution. In the case of the hy 
droxymercurials, it was necessary to add 8 cc. of 
glacial acetic acid to the alcoholic solution since the 
reaction did not take place in a neutral medium 

Dilute hydrochloric acid removed mercury from 
the molecule and caused the formation of N-alkoxy 
propylbarbital and N-allylbarbital. Sulfuric acid 
5°), gave N-allylbarbital while the concentrated 
icid destroyed the molecule Nitric acid, either } 
dilute or concentrated, gave results similar to con 


centrated sulfuric acid Hydrogen sulfide in the 





Ot crys. 
ned to 
CS were 
-ligroin 
btained 
weeks 
as been 
Of the 
the bu- 
in the 
5, Melt. 


Mer- 
livalent 
Pitated 
de and 
chloro. 
acetate 
hexane 
im salt 


at the 
3. The 
iverted 
atment 
itating 
eutrali- 
nd that 
ng the 
r Or by 
In the 
several 

latter 


thoxy 


he hy 
nercuri 
ly con- 
i com 
or po 
he hy- 
ce of 
ice the 
m 

y from 
ilkoxy 
E acid 
itrated 


either | 


o con 
in the 

















SCIENTIFIC EDITION 


presence of ammonium hydroxide resulted in the 
formation of N-alkoxypropylbarbital. 

The mercurated compounds were decomposed by 
refluxing with formic acid with the regeneration of 
N-allylbarbital and the formation of metallic mer- 
cury, a test described in U. S. P. XII for identifying 
Mercupurin and Mersalyl. Acetic or propionic 
acid had no effect on the mercurials. 

Identical compounds were obtained when the 
corresponding 2-alkoxy hydroxymercuri and ace- 
toxymercuri were brominated. Nitrogen analy- 
os and melting point determinations on the 
brominated compounds indicated that an alcohol 
fragment added to the olefinic group. This is not 
in agreement with the structure proposed for the 
product obtained by the mercuration of N-allyl- 
succinyl urea in the presence of methanol (6). It 
was also shown that the mercuri group added to the 
unsaturated side chain instead of replacing hydrogen 
on the imide group. If the latter case had 
true, the removal of the mercuri group would have 
yielded identical products in all cases. 


been 


Pharmacological Study of N-(2-alkoxy-3-hydroxy- 
mercuripropy! )Barbital Derivatives 


Compounds having the mercurated N-allyl amide 
group attached to benzene, pyridine, camphoramic 
iliphatic acids have been prepared and 
diuretics (16-19). N-allylbar- 
is the nucleus for this study be- 
cause it satisfies the theoretical requirements postu 
lated for mercurial diuretics and because no other 
mercurated cyclic urea compound had been investi- 
gated for diuretic activity. Mercuhydrin, a related 
mercurated allyl urea derivative 
Bar- 
bital is a component of Merbaphen, which appar- 
ently is the most toxic of the mercurial diuretics used 
Merbaphen, however, does not satisfy 


acid and 
described 
bital was « hosen 


is potent 


compound, is the 


of succinic acid and is not a cyclic compound 


in therapy 
the requirements of ‘“‘diuretic type” 
it does not have the propyl amide side chain 
effect of the 
stituted on 
strated 
substituted 


compounds as 
The 
mercurated N-allyl amide group sub 
the nucleus would 
these barbital derivatives 
barbiturates have 


be further demon- 
since N- 
reported as 
Of the series 
ilkoxy-3-hydroxymercuripropy]) barbital 
prepared, only the methoxy, ethoxy, 
ind isopropoxy compounds were investigated thera- 
peutically, since it was felt that these would show 
any influence of lengthening or branching the alkyl 
chain. No conclusions were drawn from the limited 
amount of data, but trends were evidenced and they 
are reported as such 


with 
been 
possessing antidiuretic properties (2). 
of N-(2 
derivatives 


Determination of the LD, 


Compounds 


The LD lable II) was determined according to 
the method of Wright (20). The test solutions were 
prepared by dissolving the alkoxy derivatives in a 
slight excess of an equivalent 
solution 
mined by 


of the Experimental 


hydroxide 
The concentration of mercury was deter 


sodium 


inalysis and the solutions adjusted to the 
desired level by dilution with distilled water. The 
pH of the solutions was 10.5. The solutions were 
administered to 
185-275 Gm 


ilbino rats of mixed sex weighing 
by injection into the tail vein. The 
number of survivals and deaths at the end of twenty- 
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The 


four hours noted. data shown in 


Table II and on Fig. 2. 


was are 


100 r- 


= 


80Fr 
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DOSE OF MERCURY, MGMS./ KGM. 


Fig. 2—LDs5) Determination of N-(2-Alkoxy-3- 
hydroxymercuripropyl) barbital. 
© = Isopropoxy; O = Ethoxy; @ = Methoxy. 


Diuretic Activity.—-The method used to determine 
the diuretic activity of the above compounds was a 
modification of that described by Lipschitz, Hadi- 
dian, and Kerpesar (21). Four rats were used in 
each group. Solutions of the compounds were pre- 
pared in the manner indicated above and the con- 
centrations adjusted so that the largest volume ad- 
ministered was 1 cc. For comparative purposes, a 
solution of Merbaphen was prepared from the am- 
puls by dilution with distilled water. The pH of the 
solutions was 10.5. Healthy rats of mixed sex and 
weighing from 185 to 285 Gm. were fasted for 
eighteen hours before the experiments. All animals 
were fed 25 ce. per kilogram of physiological saline 
solution by stomach tube and divided into groups. 
Each group was placed in a metabolism cage pro- 
vided with means to collect the urine excreted. One 
group served as a control and received no drug; two 
groups were given urea in suitable concentrations, 
dissolved in the priming fluid. Urea was chosen 
as the standard because it is stable in vitro as well as 
in vivo. It is a relatively weak diuretic and is non- 
The remaining groups were 
injected with varying doses of the test compounds, 
using two groups for each dose. The injections were 
made into the tail vein. A total of forty-four groups 
was used. The urine collected during a twenty- 
four hour period was expressed as a per cent of the 
liquid administered. This was a measure of urinary 
excretion independent of group weight and was used 
to calculate the diuretic activity of the compounds. 


toxic in large doses 


Diuretic activity = 
° urinary excretion by test group 
| 


> urinary excretion by controls 


The results of the tests are shown in Table III 
and on Fig. 3 

Urea determinations were run simultaneously 
with each test compound to reduce the variability 
caused by extraneous factors. Since the same con- 
trol appeared in the diuretic activity determing- 
tions for urea as well as for the test drug, it served 
as a check on the experimental conditions and did 
not enter into the calculations for diuretic activity. 
It has been noted (21) that both urea and Salyrgan 
could cause an excretion of urine greater than the 
total volume of liquid administered. In these de- 
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TABLE II.—LDs) DETERMINATIONS 
Experimental ——_—————— Integrated Data _ 
Equiv. Hg, No. of 
Mg./K Mg./Kg Rats Alive Dead Alive Dead Mortality, % 
N-(2-Methoxy-3-hydroxymercuripropy]l) barbital 
18.6 S 4 4 0 16 0 0.00 
23.2 10 6 3 3 12 3 20.00 
27.9 12 6 } 2 Q 5 35.71 
32.5 14 6 4 2 5 7 58.33 
37.2 16 4 l 3 l 10 90.91 
41.8 18 } 0 } 0 14 100.00 
30 16 14 
N-(2-Ethoxy-3-hydroxymercuripropyl) barbital 
18.6 8 5 t l 15 l 6.25 
23.2 10 5 3 2 11 3 21.42 
27.9 12 6 3 3 8 6 42 85 
1.9 13 6 3 3 5 9 64.28 
32.5 14 6 l 5 2 14 87.50 
35.7 15 $ l 3 l 17 94.44 
ye 15 17 
N-(2-Ilsopropoxy-3-hydroxymercuripropy]) barbital 
23.1 10 4 3 l 10 l 9.09 
24.5 Ll $ } l 7 2 22. OZ 
ai.t 12 ) l 4 } 6 60.00 
0.9 13 5 2 3 3 y 75.00 
4.1 14 } l l 2 92.30 
2 LO 12 
2.5r 
i. 
2.0 Fr 
2 
2 
- 
+s) 
< aa 
— 
et 
Ww 
x 
> 15F 
5 
& 
vy \ l ! a l l J j 
02 .03 .04 05 0.5 1.0 1.5 2.0 
DOSE, MILLIMOLES/ KGM. UREA, GMS./ KGM. 
Diuretic Activity of N-(2-Alkoxy-3-hydroxymercuripropyl) barbital 
t Isopropoxy; O Ethoxy; @ Methoxy: A baphet 
raBce III MIURETIC ACTIVII FPF N-(2-ALKOXY-3-HYDROXYMERCURIPROPYL) BARBITAI 
) m Dose Therapeu x 
Hg in Diuretic Diuretic LD et lL) 
Compound I K m™M./K¢ Mg./Kg Action? en LD 
Methoxy 15 0 6.5 1.71 0) 2 ] 
fEthoxy LS O.3 6.5 1.38 200 2 0 
[sopropoxy 15 0.03 6.1 1.38 278 1.6 
Merbaphen 15-18 0.025-0.03 5.01 1.48 375 
Salyrgan 15 0. 027 6.0 l 


* Based on per cent excretion of the control group run in parallel experiment 
Based on diuretic action of urea run in parallel experiment 


Reported by Lipschitz, Hadidian 


and Kerpcsar 


78 About 400 
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ndex 
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terminations, the potency of urea was taken arbi- 
trarily as 1. The slope of the urea curves deter- 
mined from ten doses administered on five different 
days compared favorably with the mean slope of 
urea excretion curves determined by Lipschitz, 
Hadidian, and Kerpesar as the result of sixty-three 
experiments The importance of determining the 
urea curve in an experiment parallel to the test 
compound is seen when one inspects the curves ob- 
tained on different days. While Merbaphen appar- 
ently has a lesser diuretic action than N-(2-meth- 
oxy-3-hydroxymercuripropyl)barbital, its potency 
was greater when compared to the respective urea 
curve determined in a parallel experiment. The 
diuretic potency of Salyrgan has been reported to be 
about 400 (21 The diuretic potencies of the ex- 
perimental compounds ranged from 278 to 303, while 
Merbaphen had a potency of 375. The above results 
indicated that diuretic activity was not solely re- 
lated to the mercury content, since the experimental 
compounds had approximately the same mercury 
content, yet their potencies differed. Merbaphen, 
which contains less mercury than the experimental 
compounds, had a higher potency while Salyrgan, 
which had the highest potency, has approximately 
the same mercury content as the experimental com- 
pounds. The highest potency was associated with 
the compound containing the smallest alkoxy group 
which was of interest since only the methoxy de- 
rivatives are in therapeutic use as diuretics. 

It has been reported that Salyrgan is a potent 
diuretic within a very narrow range of doses and 
that a slight overdose produces a decrease in urinary 
21 Roby and Pfeiffer (22) reported 
similar observations with the use of mercurials in 


excretion 


dogs. They found that there is a definite decrease 
in the chloride excretion at the higher doses of mer- 
rhe results of our experi 
1 to concur with these observations 


curial diuretics studied 


ments seen 


° SUMMARY 
The synthesis and structure of N-allylbarbital 
were investigated. The derivative obtained by 
direct alkylation of the metallic salt of barbital 
was substituted on the nitrogen in the 1 or 3 


position. The tautomeric isomer was not ob- 


tained. 

N-allylbarbital was mercurated with mercuric 
acetate in the presence of an alcohol. The reac- 
tions of the mercurated compounds were investi- 
gated and their structure established. 

The toxicity and diuretic activity of three of 
the mercurated compounds were studied. 
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The Preparation of Solutions Isoosmotic with Blood, 
Tears and Tissues. By C. L. Lunn, E. PEuLICKE 
NEILSEN and K. PEDERSEN-BJERGAARD. Con- 
tribution from the Danish Pharmacopeeia Com- 
mission, Volume II Einar Munksgaard, Copen- 
hagen, 1947 15 x 23.5 cm. 

During the past few years considerable interest has 


173 pp. 


been manifested in the preparation of isotonic so- 
lutions by pharmacists. During the war years the 
Danish Pharmacopceia Commission was also inter- 
ested in this problem. Evidently these years pro- 
vided time to think and plan along this line, for this 
handbook, written by a Danish hospital pharmacist, 
really gets to the nub of the problem. This book 
is a genuine service to pharmacists all over the 
world and will probably serve as the handbook of 
the field for a long time to come. 

One of the most important services provided by 
this research is the proof that the osmotic pressure 


of the lachrymal fluid is substantially that of blood 
serum which in terms of NaCl is 0.9 per cent and not 
1.4 per cent. The higher figure, which appears in 
most American literature, actually dates back to the 
work of Lumiere and Chevrotier in 1913 and was 
based on an insensitive approach. The error was 
perpetuated by the Swiss Pharmacopeeia of 1933 
which probably lent credence to its correctness. 
Since the lower figure, about 0.9 per cent, is correct 
many tables used by American pharmacists are not 
valid. Fortunately the human eye seems to be in- 
sensitive to osmotic changes between the ranges of 
about 0.6 to 1.5 per cent as far as undue sting is con- 
cerned. 

Another fundamental contribution made by these 
authors, is the care which they used in developing 
accurate data. For example, when they obtained 
freezing point data, due allowance was made for the 
amount of water which separates as pure ice on cool- 








Phe 
ooo 


ing, before the solution freezes entirely Phis means 
that the corrected freezing point of physiological 
—(0).52° rather than —0.56° as calculated 
from Raoult’slaw. Care has been taken to account 
for obscure activity factors such as those which re- 
flect the interaction of ions 
vent which cause departure from ideality as well as 
the relatively more simple ionic dissociation 

The authors have simplified the technique for 
pharmacists by the use of graphs 


saline is 


ind molecules and sol- 


The corrected 
freezing point-concentration curves are plotted for 
the drugs. On the the 
“‘mirrored’’ or reversed sodium curve. 


same graph is 
chloride 
This latter curve enables one to determine quickly 
and graphically the concentration of NaCl needed 
to render any drug solution isoosmotic. In fact it is 
the generous use of tables such graphs which 
makes the book of great practical value 
Unfortunately the Danish Pharmacopoeia uses a 
lceulating 


common 


ind 


solutions 
the United 


system in c 
than a % 


i percentage 
rather is is used in 


states 


system 


In the opinion of the reviewer this volume is one of 
the most significant books in pharmacy published in 
1947 


Vodern Cosmeticology. By Ratepu G. HARRY 
Third edition. Chemical Publishing Co., Inc., 
Brooklyn, N. Y., 1947. ix+ 515 pp. 14 x 22 


cm Price, $10 


A comparison between the first edition of Modern 
Cosmeticology and the third, 
shows how very international the 
has become Ralph G author, is a 
Welshman, who has the U. S. A 
Still his book could well have been written by some 


present, revised one, 
field of cosmetics 
the 


visited 


Harry, 
never 


one quite familiar with our own cosmetic problems 


Harry’s approach to the subject is that of a 
scientist He neither tries to defend disputed 
claims for therapeutic action of cosmetic products 
nor takes the attitude that there is no such action 


Rather he presents fairly and squarely the pros 


and the cons and then draws whatever conclusions 
seem warranted by the data His chapter, ‘‘Cos- 
metic Facts and Fallacies,’’ contains some very 
frank statements that many cosmetic advertisers 
will dislike 

The sections on histology of the skin, skin nutri 


the tooth, the hair, and 
is well as enjoyable reading 
for the layman. Several photo 
micrographs add to the interest of these sections 
Modern Cosmeticology is 
formulas 
trate 
products, but has 


tion, allergy and dermatitis, 
the nail make profitable 
even colored 
not a collection of 
number to illus 
ill common 


It contains a sufficient 


typical composition of cosmeti 


avoided confusing duplications 
In contrast to his first edition Harry now gives the 


proper chemical nomenclature in place of the trade 


1ame of many proprietary emulsifiers, detergents, 
et This may make his formulas less useful to 
some, but will, I believe by most of us, be looked 
upon as an improvement 

As far as this reviewer knows this book is the 
first one to devote a full chapter to the subject of 
‘Chemical Examination of Cosmetics and Toilet 


Preparation In addition there are numerous 
references to both British and American literature 
on cosmetic analysis 
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There may be a few minor things to criticize 
but the reader will be left with the feeling that the 
present edition of Modern Cosmeticology is a welcome 
contribution to the rather small collection of good 


books on cosmetics—-DAN DAHLE 


The Sulfonamides and Allied Comp inds By 
ELMORI H NORTHEY Reinhold Publishing 
Company, New York, 1948. xxvii + 660 pp, 


15x 23cm Price $12.50 


Since 1951, when the first sulfonamide dye was 
patented in Germany, well over 5000 compounds 
have been synthesized in the search for the idea] 


sulfonamide chemotherapeutic agent Although 


ippeared 
comy lete 


fairly extensive reviews in this field have 
to the for a 
catalog is obvious to the research worker 

Dr. Northey’s book is to be 
clinically intended as 


from time time need more 


not aimed helpful 


but is i guide for chemists, 


pharmacologists, bacteriologists, and others in- 
terested in research in this important area 

[he first chapter of this book deals with the 
history of bacterial chemotherapy. After a chapter 
on nomenclature, several chapters on various groups 
of sulfur-containing compounds Altogether 
there ; of chemical material much 


ibulated ind ill ol which is 


ippear;r 


ire over 500 page 
of which is effectively t 


thoroughly documented 


Following the chemical section appear several 
chapters on the biological effects rhe experi 
mental evaluation of chemotherapeutic activity is 
covered in a chapter of about 14 pages. This is 


followed by a chat ter on the relationship of struc- 
The 


Northey pointed 


ture to chemotherapeutic activity reviewer 
that Dr 


danger of stultifying research 


pi ised 
out so effectively the 


Was especi illy 


by believing too firmly in rules of structure-activity 
relationships 

The pharmacology and toxicology of the sul- 
fonamides are covered in about 22 pag This is 


by an excellent and 


of the 


followed 
review of the 


critical interpretative 


theories mechanism of action of 
sulfonamide drug 
The clim 1 chapter of nearly 60 pages on the 
clinical evaluation of the sulfonamide 
Pharmacists will find the 
taining a key to activiti 
a list of trade 


trade 


ix 1 
drugs 
three appendixes con 
ind organisms or diseases, 
; for sulfanilamide, and a list of 
and 


name 


names for sulfanilamide derivatives 


related compounds exceedingly useful 


The thoroughne of documentation is indicated 
by the citation of 2668 reference 
Recent Progre n Hormone Researci Vol. I 

Edited by GreGory Pincus. Academic Press, 

Inc., New York, 1947 99 pp 15 x 23 cm 

Price $7.50 

This progr: report on hormone research ts an 
edited stenotypist’s report of the Laurentian Hor 
mone Conference The report re divided into 
4 main sections: Neurohormonal relationships, the 
chemistry and physiology of adrenal hormones, the 
role of hormones in the metabolic processes, and 
ispects of clinical endocrinology 

Those following researches in the hormone field 
will find this book to be a well-edited record of the 
ibove-mentioned stimulating research conference 
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